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International Joint Commiss :’.on
Canada
and
the
United
States
Gentlemen:
Pursuant
to
Article
VI,
Section
1,
subsection
f
(i)
of
the
Great
Lakes
Water
Quality
Agreement,
and
with
reference
to
Section
16
of
Directive
Number
2
to
the
Great
Lakes
Water
Quality
Board,
the
Reference
Group
0.11
Great
Lakes
Pollution
from
Land
Use
Activities
takes
pleasure
in
submitting
its
Eighth
Progress
Report.
Respectfully submitted,
Canada
United
States
%
Murray G. oh on
Chairman
  
No an A. Berg
0 iman
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Gentlemen:
The Reference Group on Great Lakes Pollution from Land Use
Activities takes pleasure in transmitting its Eighth Progress
Report.
Respectfully submitted,
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This is the Third Annual Progress Report of the Reference Group.
It is intended to update the International Joint Commission, the Great
Lakes Water Quality Board, and other interested agencies, groups, and
individuals on the Reference Group's activities during the period July
1976 to July 1977 and to forecast activities during the next, and final
year.
Previous progress reports described the Reference Group's origins,
purpose, structure and data gathering activities. This year's report
will discuss selected loadings to the lakes, problem areas on the land
and the philosophy of remedial measure development. We will also highlight
items of general interest including baseline data on the Great Lakes
Basin and, in the appendix of this report, a status of all activities.
The Reference Group recognizes that several important issues will
increasingly demand the attention of the International Joint Commission,
the Great Lakes Water Quality Board and the public at large in both
nations. All will be considered in the development of the final report
(July 1978); several are discussed in this report as follows:
The relationships between land use, atmospheric fallout, and
water quality are complex. Non-point sources of water pollution
are characterized by their wide variety and large number of
sources, the seemingly insignificant nature of their individual
contributions coupled with the often damaging nature of their
cumulative impacts, the intermittent nature of their inputs,
the little understood natural processes actingto modify these
inputs, and the variety of social and economic interactions
which affect these sources and their inputs. All of those
complex interactions mitigate against finding simple solutions
to such problems.
The Reference Group will have solid recommendations—~but not
all the answers-~in the final report.
Implementing and maintaining non—point source remedial measures
will be difficult and expensive in terms of manpower and
financial resources. Point source controls, less difficult to
install, by comparison, are still not completed. There will
be a need to consider the cost—benefit (who pays--who benefits)
from remedial measures, as well as the proper mix of regulation,
financial measures and education needed to achieve co-
operation in pollution abatement programs.
1
  
The Reference Group's efforts are being co—ordinated with
those of other pertinent programs such as Section 208 (Public
Law 92—500), Coastal Zone Management and the Lake Erie Wastewater
Management Study in the United States, and with the Canada—
Ontario Agreement. These co—ordination efforts should be
continued into implementation of the recommendations. This
coordination‘will be necessary to achieve the control of
pollutants in localized (upstream) areas of the watershed, as
well as those pollutants discharging more directly into the
Lakes. Some of the already established co—ordination efforts
are described later in this introductory section.
There will need to be long—term, active involvement by the
International Joint Commission, the Great Lakes Water Quality
Board, and the concerned federal, provincial, and state agencies
for the ultimate recommendations of the Reference Group to
become reality in a world that needs food, fiber, shelter and
consumes energy and increases in population by 228,000 each
day.
PERSONNEL CHANGES
Dr. Ronald Waybrant, a biologist with the Michigan Department of
Natural Resources replacedMr. James Dooley as the Michigan representative
to PLUARG, in July 1976. There were no other personnel changes.
MEETINGS
The Reference Group has met five times since July 1, 1976; July 20,
1976 in Windsor; November 30 - December 1 and 2, 1976 in Perrysville,
Ohio; February 2 — 3, 1977 in Windsor; April 5 — 6, 1977 in Arlington,
Virginia and June 8 - 9, 1977 in Toronto, Ontario.
Individual Task Groups and investigators have meton numerous
occasions during the past year.
WORKSHOPS
PLUARG, in conjunction with the Research Advisory Board held a
workshop on the "Fluvial Transport of Sediment Associated Nutrients and
Contaminants" in Kitchener, Ontario, October 20—22, 1976. This workshop
brought together 20 invited speakers and 71 participants for an informative
exchange of views on the role of sediment in the transport of pollutants
in river systems. The proceedings of this workshop are available from
the Great Lakes Regional Office of the International Joint Commission.
LIAISON ACTIVITIES
LAKE ERIE WASTEWATER MANAGEMENT STUDY
The U.S. contribution to the Pollution from Land Use Activities
Reference study will be greatly enhanced by the Lake Erie Wastewater
Management Study being conducted by the U.S. Army Corps of Engineers.
The Lake Erie'Wastewater Management Study (LEWMS) was authorized by
Public Law 92-500 to develop alternative plans for the restoration and
environmental repair of Lake Erie. The preliminary feasibility study
(Phase I) of the Lake Erie Study was completed in December 1975, and
concluded that a detailed feasibility study (Phase II) should be carried
out. This Phase II study is now in progress. The objectives of the
detailed feasibility study are as follows:
(a) to confirm and/or review
as required the results of the Phase I phosphorus load estimates, including
loads from previouslyiunmonitored areas and differentiation between
different diffuse phosphorus sources; (b) to develop or refine hydrologic,
chemical, and management models for analysis of water quality considerations
in Lake Erie and its watershed; (c) to refine estimates of other pollutant
loads such as suspended solids and use these to relate phosphorus loads
to land use activities; and (d) to refine the Phase I preliminary alternative
phosphorus load reduction plans and develop specific recommendations for
regional wastewater management programs to rehabilitate and repair Lake
Erie including recommendations for financing these programs.
A unique aspect of the Lake Erie Wastewater Management Study is
that it provides a detailed analysis for an entire lake basin, whereas
the
pilot watershed
studies
of PLUARG
provide
very
detailed
information
on individual
tributaries.
Further, loading estimates for many of the
U.S.
tributaries to Lake Erie are being based on event type sampling,
which will provide useful
information on flow/concentration relationships.
Both
the PLUARG
Study
and
the
Lake Erie
Wastewater
Management
Study
have
common
objectives
and use
common data
bases,
and
efforts have
beenmade
to enhance
the
degree
of
compatability
of
the
studies.
Information
from
both studies will be used to complement each other's work,
and PLUARG
will
continue
to utilize
the
knowledge
developed
in
the
Lake
Erie Wastewater
Management
Study
to enhance
the
overall
international
PLUARG
effort.
SUMMARY
OF
SECTION
208
PLANNING
PROGRAMS
IN
THE
GREAT
LAKES
BASIN
Areawide
wastewater
management
plans
being
prepared
under
Section
208,
the
Water
Pollution
Control
Act
Amendments
of
1972,
PL
92-500,
are
addressing
many
issues
of
direct
concern
to
PLUARG.
In
particular,
problems
with
pollutants
from
urban
stormwater
runoff
systems,
agriculturally
and
silviculturally—related
non—point
sources,
mine-related
sources,
construction
activity
related
sources,
and
residual waste
disposal
sources,
must
be
evaluated
and
remedial
programs
developed
where
necessary.
These
activities,
as
a
part
of
a
regional
comprehensive
water
quality
control
plan,
must
be
completed
within
two
years
of
receipt
of
first
funding
from
the
U.S.
Environmental
Protection
Agency.
 
 There have been 23 areas
in the U.S. Great Lakes Basin designated
to
prepare
Areawide
Wastewater
Management
Plans.
Covering
all
of
the
State
of Michigan
and
portions
of
Wisconsin,
Illinois,
Indiana,
Ohio
and
New York,
theSe
designated
208
projects
are
being
carried
out by multiple—
county
regional
planning
agencies
designated
by
the
governor
of
each
state.
These designated
areas
encompass
125
counties
(out
of
191
in the
Basin)
with
a
total
population
of
25,245,560
persons
in
1975.
Areawide
planning
in
the
remaining
non—designated
portion
of
the
Basin
is
being
carried
out
by
the
states
of
Minnesota,
Wisconsin,
Indiana,
Ohio,
Pennsylvania
and
New
York.
Total
planning
grants
to
the
designated
and
non—designated
areas
are
$31,159,270
and
$6,633,863,
respectively.
All
plans
are
to
be
completed by the end of 1978.
Every
effort
is
being
made,
and
will
continue
to
be
made
throughout
the
PLUARG
study
effort,
to
co-operate
and
co—ordinate
with
the
208
studies
to
promote
efficiency
and
mutually
utilize
appropriate
portions
of
both
studies.
The
staff
of
the
Great
Lakes
Basin
Commission
and
Region
V,
U.S.
Environmental
Protection
Agency
is
conducting
this
co—
ordination.
 sum [ARES BASIN
BASHIHE INFIIIIMAIIIIH
PHYSICAL SETTING
The physical setting of the Great Lakes Basin has influenced the
cultural development of the Basin, including the economic activities
carried on and the number and the distribution of the people who live in
the Basin. The most significant single element in this physical setting
is the five Great Lakes, the largest series of freshwater bodies in the
world (Figure 1). This unique water feature, coupled with the mineral
resources of the Basin and the agricultural opportunitiesafforded by
the land and climate has produced one of the largest and most rapidly
growing industrial and urban complexes in the world, containing 14
percent of the population of the United States and 33 percent of the
population of Canada.
The Great Lakes Basin extends more than 1600 kilometers (1000
miles) inland from the Atlantic ocean into the heart of the North American
continent. It includes 463,900 square kilometers (178,000 square miles)
of the United States and 321,500 square kilometers (124,000 square miles)
of Canada (Table 1), comprising parts of seven states of the United
States, essentially all of Michigan and one-third of the area of the
Canadian province of Ontario.
LAND RESOURCES
The basin is underlain almost entirely by a thick succession of
sedimentary rocks. Glacial and alluvial deposits cover the bedrock, and
the topography is irregular and varied, including depressions occupied
by small lakes or marshes, level to sloping plains, and low rolling
hills or ridges. Three major physiographic regions are present (Figure
2): the Laurentian Uplands, the Interior Lowlands, and the Appalachian
Plateau. The soils of the basin vary by area and reflect past and
present climatic conditions, natural drainage, vegetative cover, and
time interacting with parent glacial materials.
LAND USES
The major land uses of the Great Lakes Basin are shown in Table 2.
The majority (60 percent) of the land area in the basin is forested;
agriculture ranks second, occupying about 30 percent of the area; and
about 5 percent of the land is devoted to urban uses.
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TABLE
1
GREAT LAKES AREA MEASUREMENT
(SQUARE KILOMETERS)
DRAINAGE BASIN
(LAND
AND
WATER)
U.S.
97,
500
176,600
65,800
67,600
56,400
ACANAD'
113,100
0
128,700
36,500
43,200
TOTAL
210,600
176,600
194,500
104,100
99,600
WATER
SURFACE
ills]
53,600
58,000
23,700
13,400
9,3
00
CAUVADAL
28,900
0
36,100
13,500
10,400
IIT
TAL
82,500
58,000
59,800
26,900
19,700
LAND SURFACE
UASI
43,900
118,600
42,100
54,
200
47,100
CANADA
84,200
0
92,600
23,000
32,
800
TOTAL
128,100
118,600
134,700
77,200
79,900
Total Basin
Study Area
463,900
321
,50
0
KmZ
785
,40
0
To Convert From
158,000
88,900
To
Miles2
246,900
305,900
232,600
MM
0.3861
538,500
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TABLE 2
MAJOR LAND USES
GREAT
LAKES
BASIN
(HECTARES)
 
URBAN
RESIDENTIAL
COMMERCIAL
INDUSTRIAL
AGRICULTURE
CRO
P-
LAND
PASTURE
FOREST
OUTDOOR
RECREATION
WET-
LAND
DARREN WATER
LAKE SUPERIOR
U.S.
Canada
TOTAL
138,872
5,959
1
4
4
,
8
3
1
95,416
3,687
99,103
10,604
2,241
12,845
389,924
51,154
441,078
5,512,240
9,342,571
14,859,811
22,911
22,911
315,160
19,003
334,163
11,222
11,222
398,296
398,296
 
MICHIGAN
U
.
S
.
Canada
TOTAL
931,240
0
931,240
191,468
0
191,468
2,747,744
0
2,747,744
3,374,524
0
3,374,524
5,417,730
0
5,417,730
241,324
0
241,324
474,956
0
474,956
HURON
U.S.
Canada
TOTAL
184,656
79,224
263,880
18,824
9,694
28,518
686,096
511,949
1,198,045
683,900
1,303,933
1,987,833
1,797,570
6,444,059
8,241,629
166,245
166,245
7,220
58,571
65,791
19,103
19,103
94,720
0
94,720
LAKE ERIE
U
.
S
.
Canada
TOTAL
572,316
65,926
638,242
206,528
23,284
229,812
2,189,144
1,182,228
3,371,372
1,794,940
670,031
2,464,971
1,439,360
342,187
1,781,547
8,029
8,029
35,
484
23,438 2,884
2,884
129,796
129,796
ONTARIO
U.S.
Canada
TOTAL
290,240
110,172
400,412
98,448
56,419
154,867
425,188
387,729
812,917
1,124,016
1,056,468
2,180,484
2,478,130
1,254,625
3,732,755
30,982
30,982
58,922
30,660
48,679
79,339
5,170
5,170
271,432
271,432
 
GREAT LAKES
U.S.
Canada
TOTAL
 
2,117,324
261,281
2,378,605
 
610,684
93,084
703,768
 
6,058,776
2,084,147
8,142,923
 
7,367,304
3,081,586
10,448,890
 
16,650,030
17,383,442
34,0
33,4
72
 
228,167
228,167
629,848
149,691
779,539
 
38,379
38,379
 
1,369,200
1,369,200
To Convert From
 
Hectares
 
Acres
Multiglx 31
2.4
71
   
 Look
ing
at t
he l
akes
indi
vidu
ally
, L
ake
Supe
rior
cont
ains
near
ly 5
0 pe
rcen
t
of
the
for
est
lan
d i
n t
he
Gre
at
Lak
es
Bas
in,
but
onl
y 8
per
cen
t o
f t
he
urb
an
lan
d a
nd
2 p
erc
ent
of
the
agr
icu
ltu
ral
lan
d.
The
Lak
e M
ich
iga
n b
asi
n
cont
ains
near
ly 3
6 pe
rcen
t of
the
urba
n la
nd
(1,1
22,7
08 h
ecta
res)
and
33
per
cen
t
of
the
tot
al
agr
icu
ltu
ral
lan
d
(6,
122
,26
8
hec
tar
es)
.
The
Lak
e H
uro
n B
asi
n c
ont
ain
s 1
7 p
erc
ent
of
the
agr
icu
ltu
ral
lan
d,
24
per
cen
t o
f t
he
for
est
ed
lan
d a
nd
9 p
erc
ent
of
the
urb
an
lan
d i
n t
he
ent
ire
Bas
in,
whi
le
in
the
Lak
e E
rie
Bas
in
the
se
fig
ure
s a
re
31
per
cen
t,
5 p
erc
ent
and
28
per
cen
t r
esp
ect
ive
ly.
In
the
Lak
e O
nta
rio
Bas
in,
the
se
per
cen
tag
es
are
16,
11
and
18
of
the
ent
ire
Bas
in
are
a.
 
Figu
re
3 sh
ows
a ge
nera
lize
d la
nd u
se p
atte
rn f
or t
he G
reat
Lake
s
Basin.
Eight specialized land use categories are considered in this report:
(1) mine tailings disposal areas (Canada only); (2) liquid and solid
waste disposal areas; (3) dredge spoil disposal; (A) deepwell disposal;
(5) lakeshore and riverbank erosion; (6) intensive livestock operations;
(7) high density non—sewered residential areas; and (8) recreational
lands. These eight categories cover the more significant sources of
pollution from land use activities affecting water quality of the Great
Lakes.
MINE TAILINGS DISPOSAL
The mine railings disposal sites in the Great Lakes Basin are
concentrated in the northern portion, where most of the mining activity
takes place. In the Canadian portion of the basin there are 37 active
mine tailings disposal sites and 112 closed sites. Eleven of the active
sites are found in the Lake Superior Basin, 24 in the Lake Huron Basin,
and 2 in the Lake Ontario drainage area.
LIQUID AND SOLID WASTE DISPOSAL
A summary of the liquid and solid waste disposal sites in the Great
Lakes Basin is presented in Table 3. It should be noted that liquid and
solid waste disposal in many sites (particularly sanitary landfills) has
been curtailed in recent years in the U.S. part of the Basin.
DREDGE SPOIL DISPOSAL
Due to population and industrial development in the Great Lakes
Basin, some of the sediment that is removed by dredging activities has
been polluted by municipal, industrial, and agricultural activities.
Potential pollutants that are common to the affected sediments include
nitrogen, phosphorus, organic matter, iron, oil and grease, mercury,
lead and zinc. The average annual volume of dredge spoil in the Great
Lakes Basin is 6.4 x 106 cubic meters (8.4 x 106 cubic yards). About 75
percent of this material is polluted and requires confinement.
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FIGURE 3 Major Categories of Land Use in the Great Lakes Basin. Heavy line
separates urban and agricultural land—use area from nonagricultural area.
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TABLE 3
LIQUID AND SOLID WASTE DISPOSAL SITES IN THE
GREAT LAKES BASIN
LAKE BASIN UNITED STATES CANADA TOTAL
Superior 345 97 442
Michigan 1,590 0 1,590
Huron 379 460 839
Erie 514 158 672
Ontario 232 303 535
Great Lakes 3,060 1,018 4,078
DEEPNELL DISPOSAL
Deepwell waste disposal techniques haVe been practised for decades,
primarily for the disposal of brines produced in oil field operations.
Deepwell disposalof industrial wastes has also been used for elimination
of toxic or noxious liquids. Most of the wastes injected are high"
strength organics, caustics, acids or other toxic materials, and processed
brines. There are about 100 active and closed deepwell disposal sites
in the Great Lakes Basin.
LAKESHORE AND RIVERBANK EROSION
Erosion along the land-water interface occurs in two areas, the
lakeshore and riverbank zones.
Lakeshore and riverbank erosion may
contribute sizable amounts of sediment to nearshore waters in some
areas.
Its major effect on surface waters is increasing nearshore
turbidity and smothering benthic biota.
Three major factors control the amount of erosion on Great Lakes
shorelines:
(1) physical characteristics of the shoreline (Table 4);
(2) the combination of lake levels and, storm intensity and
frequency;
and (3) shoreline land use.
About 60 percent of the Great Lakes shoreline
is considered to be erodible.
In addition
to
the
obvious
loss
of
land
and natural
resources
through
riverbank
erosion,
agricultural
and
urban
development
on
this
land
also result
in additional
sediment,
nutrients,
and
other
contaminants
entering
the
waters.
In
the United
States
portion
of
the
basin,
approximately
13,000 kilometers of stream banks are experiencing moderate erosion and
4,000 kilometers
are undergoing
severe erosion.
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TABLE 4
GREAT LAKES SHORE TYPES
 
(KILOMETERS)
TY
PE
OF
LA
KE
(1
)
LA
KE
LA
KE
(2
)
LA
KE
LA
KE
GR
EA
T
SH
OR
E
SU
PE
RI
OR
MI
CH
IG
AN
HU
RO
N
ER
IE
ON
TA
RI
O
LA
KE
S
Artificial
Fi
ll
9.
8
10
7.
8
6.
6
16
3.
0
63
.2
35
0.
4
Erodible High
Bl
uf
f
95
.2
43
7.
8
16
4.
9
41
7.
6
12
0.
0
12
35
.5
Non—Erodible
Hi
gh
Bl
uf
f
36
0.
3
75
.0
15
6.
1
3.
2
24
.6
61
9.
2
Erodible Low
Bl
uf
f
41
1.
2
19
0.
2
14
0.
9
20
1.
4
36
3.
5
13
07
.2
Non-Erodible
Lo
w
Bl
uf
f
27
2.
2
39
.5
16
8.
4
11
.4
22
5.
1
71
6.
6
Beach—Dune
Com
ple
x
130
.6
340
.8
234
.1
237
.0
78.
8
102
1.3
Erodible Low
Pla
in
98.
7
460
.0
332
.0
122
.3
199
.6
121
2.6
Non—Erodible
Low
Pla
in
37.
4
277
.6
254
.4
5.3
14.
5
589
.2
Wet
lan
ds
43.
8
250
.4
490
.6
187
.9
119
.3
109
2.0
Tot
al
Sho
re
1,4
59.
2
2,1
79.
1
1,9
48.
0
1,3
49.
1
1,2
08.
6
814
4.0
To Convert From T0 Multi 1 B
_______T______. ______ ____JL1L_X
Km Miles 0.3681
(1) U.S. portion only
(2)
U.S
. P
ort
ion
and
Can
adi
an
por
tio
n f
rom
Sar
nia
to
Por
t S
eve
rn
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INTENSIVE LIVESTOCK OPERATIONS
In
recent
years
attention
has
been
given
to
the
water
quality
problems
caused
by
agricultural
wastes
due
to
changes
primarily
in
agricultural
production
practices.
For
economic
reasons,
livestock
production
has
become
increasingly
concentrated,
with
larger
operations
in smaller areas.
Table
5
contains
statistics
on
intensive
livestock
operations
in
the
Great
Lakes
Basin.
For
the
United
States
portion
of
the
basin,
intensive
livestock
operations
were
defined
as
follows:
10,000
or
more
poultry;
100
or
more
cattle;
and
200
or
more
swine.
For
the
Canadian
portion,
the
definitions
were:
30,000
or
more
poultry;
75
or
more
dairy
cattle;
150
or
more
beef
cattle;
and
300
or
more
swine.
Based
on
these
criteria
there
are
14,800
intensive
livestock
operations
in
the
Great
Lakes Basin.
H
I
G
H
-
D
E
N
S
I
T
Y
.
N
O
N
-
S
E
W
E
R
E
D
R
E
S
I
D
E
N
T
I
A
L
A
R
E
A
S
There
is
an
increasing
concern
over
other
aspects
of
sewage
disposal
besides
those
relating
strictly
to
public
health.
High
density,
non-
sewered
residential
areas
may
cause
significant
water
quality
effects
in
terms
of
nutrient
enrichment
of
streams
and
lakes,
heavy
concentrations
of
certain
chemical
compounds
detrimental
to
surface
water
uses,
and
changes
in
the
general
aesthetic
characteristics
of
nearby
aquatic
e
n
vi
r
o
n
m
e
n
t
s
.
The
p
o
p
u
l
a
t
i
o
n
l
i
vi
n
g
in
h
i
g
h
density,
n
o
n
—
s
e
w
e
r
e
d
r
e
s
i
d
e
n
t
i
a
l
a
r
e
a
s
r
e
p
r
e
s
e
n
t
s
a
b
o
ut
20
p
e
r
c
e
n
t
of
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total
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
p
o
p
ul
a
t
i
o
n
.
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T
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T
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L
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B
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i
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i
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n
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u
r
a
l
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G
r
e
a
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L
a
k
e
s
w
a
t
e
r
s
ur
f
a
c
e
and
s
h
o
r
e
l
i
n
e
,
t
h
o
us
a
n
d
s
of
inland
l
a
k
e
s
a
n
d
a
s
s
o
c
i
a
t
e
d
b
e
a
c
h
e
s
,
m
o
u
n
t
a
i
n
s
a
n
d
r
o
l
l
i
n
g
m
o
r
a
i
n
i
c
h
i
l
l
s
,
e
x
t
e
n
s
i
v
e
f
o
r
e
s
t
s
,
s
t
r
e
a
m
a
n
d
m
a
r
s
h
l
a
n
d
w
i
t
h
r
e
l
a
t
i
v
e
l
y
h
i
g
h
-
q
u
a
l
i
t
y
w
a
t
e
r
s
,
a
n
d
m
a
n
y
i
s
l
a
n
d
s
,
i
n
l
e
t
s
a
n
d
b
a
y
s
.
T
h
e
e
x
t
e
n
t
of
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r
e
a
s
w
h
i
c
h
n
o
w
p
r
o
v
i
d
e
o
r
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g
r
e
a
t
e
r
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o
t
e
n
t
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a
l
f
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p
r
o
v
i
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g
r
e
c
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e
a
t
i
o
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a
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p
o
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u
n
i
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i
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h
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G
r
e
a
t
L
a
k
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s
B
a
s
i
n
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h
o
w
n
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T
a
b
l
e
6.
It
s
h
o
u
l
d
b
e
n
o
t
e
d
t
h
a
t
t
h
e
s
e
s
i
t
e
s
a
l
s
o
h
a
v
e
t
h
e
p
o
t
e
n
t
i
a
l
to
c
r
e
a
t
e
w
a
t
e
r
q
u
a
l
i
t
y
p
r
o
b
l
e
m
s
t
h
r
o
u
g
h
t
h
e
p
o
o
r
w
a
s
t
e
t
r
e
a
t
m
e
n
t
a
n
d
e
x
c
e
s
s
i
v
e
e
r
o
s
i
o
n
w
h
i
c
h
o
f
t
e
n
a
c
c
o
m
p
a
n
y
i
n
t
e
n
s
i
v
e
use.
M
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N
D
S
T
h
e
o
b
j
e
c
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i
v
e
o
f
t
h
e
i
n
v
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n
t
o
r
y
o
f
p
r
e
s
e
n
t
m
a
t
e
r
i
a
l
s
u
s
a
g
e
w
a
s
"
t
o
p
r
o
v
i
d
e
a
n
i
n
v
e
n
t
o
r
y
o
f
v
a
r
i
o
u
s
m
a
t
e
r
i
a
l
s
a
p
p
l
i
e
d
t
o
l
a
n
d
w
h
i
c
h
m
a
y
i
n
f
l
u
e
n
c
e
t
h
e
q
u
a
l
i
t
y
o
f
d
r
a
i
n
a
g
e
w
a
t
e
r
"
.
T
h
e
m
a
t
e
r
i
a
l
s
i
d
e
n
t
i
f
i
e
d
f
o
r
i
n
c
l
u
s
i
o
n
i
n
t
h
i
s
i
n
v
e
n
t
o
r
y
w
e
r
e
:
a
g
r
i
c
u
l
t
u
r
a
l
p
e
s
t
i
c
i
d
e
s
;
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
s
;
a
g
r
i
c
u
l
t
u
r
a
l
m
a
n
u
r
e
;
l
i
m
e
a
n
d
r
o
a
d
s
a
l
t
s
.
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TAB
LE
5
lNIENSlME_LlMESIQQK_QEE&HLUMELJ1LJIEL§B£AI.LAKES_BASLN
POULTRY
CATTLE ’ SWINE
LAKE u.si , CANADA TOTAL ulsl CANADA TOTAL u.s. CANADA TOTAL, IQTAL
Superior 3 - 3 84 — 84 3 - 3 90
Michigan 280 — 280 5,094 — 5,094 1,477 - 1,477 6,851
Huron 51 27 78 704 159 863 98 111 209 1,150
Erie
206 78
284 1,816 7
11 2,527
1,145 546
1,691 4,50
2
Ontario
98 60
158 1,696 1
32 1,828
44 177
221 2,207
P—l
u Great Lakes
638 165
803 9,394 1,0
02 10,396
2,767 834
3,601 14,80
0
  
  
TABLE 6
RECREATIONAL AREAS IN THE GREAT LAKES BASIN
(HECTARES)
LAKE 1uNITED STAIES CANADA TOTAL
Superior 574,472 22,911 597,383
Michigan 629,584 0 629 , 584
Huron 182,048 166,245 348,293
Erie 205,276 8,029 213,305
Ontario 156,720 30,982 107,702
Great Lakes 1,748,100 228,167 1,976,267
To Convert From To Multiply By
Hectares Acres 2.471
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p
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TABLE 7
ESTIMATED ANNUAL MATERIALS USAGE IN THE
GREAT LAKES BASIN
(METRIC TQNNEs)
NUTRIENTS FROM
 
 
MANURE AND ROAD
FERTILIZERS LIME PESTICIDES SALTS
Lake Superior
United States 21,042 28,895 140 59,804
Canada 3,630 N.D. 0.5 28,428
TOTAL 24,672 28,895 140.5 88,232
Lake Michigan
United States , 810,325 623,459 9,356 594,694
Canada 0 0 O 0
TOTAL 810,325 623,459 9,356 594,694
Lake Huron
United States 185,928 .25,714 1,845 95,583
Canada 180,118 N.D. 857 274,183
TOTAL 366,046 25,714 2,702 369,766
Lake Erie
United States 590,407 459,377 6,410 489,075
Canada 275,967 N.D. 3,703 206,822
TOTAL .866,374 459,377 10,113 695,897
Lake Ontario
United States 209,287 175,656 2,701 305,114
Canada 90,330 N.D. 801 741,620
TOTAL 299,617 175,656 3,502 1,046,734
GREAT LAKES
United States 1,816,989 1,313,101 20,452 1,544,270
Canada 550,045 N.D. 5,362 1,251,053
TOTAL 2,367,034 1,313,101 25,814 2,795,323
To Convert From ______ To __ Multiglx Bx N.D. = Not
Metric Tonnes
English Short Tonnes
1.102
Determined
18
TABLE 8
TRENDS IN MATERIALS USAGE
U.S. GREAT LAKES BASIN
(METRIC TONNES)
 
‘ 1972 1980 1990
: Agricultural Chemicals
f‘ Herbicides 14,715 15,821 16,933
Insecticides 7,396 7,426 7,250
a Fungicides 3,635 3,826 4,038
3
[' Nutrients from Manure 950,072 973,824 997,576
Nutrients from Fertilizers 1,416,962 1,570,890 1,817,869
3
3 Lime 1,313 1,313 1,313
'6—
" Road Salt 2,795,323 3,084,900 3,380,520
5
2 To Convert From To Multiglz El
7‘ Metric Tonnes English Short 1.102
Tonnes
 
  
TABLE 9
UNITED TOTAL PERCENT OF
LAKE STATES CANADA BASIN GREAT LAKES BASIN
Superior 533,539 147,914 681,453 2
Michigan 13,516,992 0 13,516,992 38
Huron 1,237,557 937,769 2,175,326 6
Erie 11,217,849 1,515,445 12,733,294 36
Ontario 2,531,947 4,035,064 6,567,011 18
GREAT LAKES 29,037,884 6,636,192 35,674,076 100
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The format of this report does not follow that given in previous
years which endeavoured to provide a status, with some results, on each
lake study sub-activity. Here a brief presentation of some initial
results is given to provide an indication of the type of information
that will becomeavailable in the lake studies report.
The results
given are preliminary and cover only a small sector of the total available
information.
The results are presented in isolation since linkages cannot be
provided owing to the constraints of an annual report and to the fact
that the overall synthesis has not been completed at this time.
Topics covered are as follows:
a) Mirex: an update presenting the findings of supplementary work
carried out on Lake Ontario in the second half of 1976 as requested
by the International Joint Commission at the July 1976 annual
meeting.
b) Preliminary evaluation of lead in the Great Lakes: A description
of lead levels observed in the sediments of the Great Lakes with a
preliminary mass balance to indicate variation in sources using
information collected under the PLUARG study.
c) Nearshore water quality: A synthesis of some of the findings of a
statistical evaluation of the Ontario Ministry of the Environment,
historical data set for the nearshore zone of the Great Lakes.
d) Endosulfan in Lake Ontario sediment: Findings on the distribution
and forms of endosulfan in Lake Ontario for which the most rational
explanation would appear to be a vessel spill.
e) Availability of P in shoreline bluffs: An experiment with the
Canada Centre for Inland Waters Lake Column Simulators as a demonstration
of phosphorus availability from shoreline material. The experiment
was designed as a direct response to answer this availability
question posed to PLUARG by the Commission at the presentations of
July 1976.
1A summary of the status of all lake-related studies under
PLUARG is given in Appendix I to this report.
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MIREX IN THE SEDIMENTS OF LAKE ONTARIO
The production and processing of Mirex (dodeca chloro — octa hydro —
1, 3, 4 - metheno — 2H - cyclobuta (c, d) pentalene) as both a fire
retardant and insecticide has been carried out at a location on the
Niagara River between 1959 and 1976. Mirex was first reported in fish
caught in the Bay of Quinte in northern Lake Ontario by Kaiser (1974).
The source of mirex to the lake was not, however, known and atmospheric
contamination was seriously considered. '
This work presents the results of analyses of sediments recovered
in Lake Ontario in 1968, as presented to the Commission in July 1976.
Sediment sampling of Lake Ontario was carried out in 1968 on a
polyconic grid comprising 287 stations (Thomas g£_§l,, 1972).
Of these
stations, samples were recovered at 262 locations from which 229 were
subsequently analysed for mirex residues in 1976.
Sediment sampling was carried out using a Shipek bottom sampler
from the Canadian Survey Ship LIMNOS and Canadian Survey Launch LEMOYNE.
The surficial 3 cms of sediment was removed from the Shipek bucket,
freeze-dried and ground to pass 100 mesh to ensure complete homogenization.
At the request of the IJC, a resurvey was carried in 1976 but with
transects across the regions of high mirex.
Sub-samples were taken of
both the top 1 cm and 3 cms of the surficial sediment.
Three Benthos
cores
(Stations C—8,
E—30, G—33) were also taken and sub-sampled at 1.0
cm increments from surface to a maximum depth of 24.0 cms. Large volume
water samples
(1,800 litres) were pumped from the Oswego and Niagara
Rivers
and centrifuged
with
a Westphalia
separator
to
recoVer
suspended
solids.
Similar
suspended
solids
samples were
taken
from
the
Humber
and
Credit
Rivers
and a
series
of
samples
were
taken
in
the
St.
Lawrence
River
downstream of
Lake
Ontario
to
Quebec
City.
In addition bottom
sediment
samples
were
taken
in the
Oswego
River
by
technical
staff
of
the
New York
State Department
of
Environmental
Conservation.
DISTRIBUTION OF MIREX
Of
the
229
sediment
samples
analyzed
only
75
(32.8%)
contained
detectable
residues
of
mirex.
Concentrations
of
mirex
in
the
75
samples
ranged
from
0.8
to
40
ppb
with
a
mean
content
of
7.5
and
a
standard
deviation of 8.3 ppb.
The
distribution
of
mirex
in
1968
is
shown
in
Figure
5.
No
mirex
was
detected
over
a
large
portion
of
the
lake,
particularly
in
the
northern
half.
Two
major
mirex
containing
zones
can
be
observed;
one
in
the
eastern
part
of
the
lake
north
of
Oswego
and
the
other
along
the
southern
shore
from
the
Niagara
River
to
the
Genessee
River.
These
two
regions
are
designated
the
Oswego
and
Niagara
Anomalies
respectively.
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TABLE 11
CONCENTRATIONS OF HIREX IN SEDIMENT 1976 AND
COMPARISON OF 1968 AND 1976 LOCATIONS
MIREX IN DRIE
SEDIMENT (PPB
TRANSECT DEPTH SAMPLES MEAN STANDARD RANGE
(CM) DEVIATION
Niagara — 7 15.1 8.8 2.0—25.0
'—. 4 24.0 20.0 0.1-43.0
Oswego 0-1 13 14.5 6.1 3.0-25.0 f
0—3 6 12.0 6.8 0.1-19.0 f
i
1968
0-3
7
10.4
9.9
g
1976 0—3 7 19.5 15.5
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 Thr
oug
h
the
use
of
bot
tom
sed
ime
nt
sam
ple
s
in
the
Osw
ego
Riv
er,
the
ori
gin
al
sou
rce
of
thi
s
ano
mal
y h
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n
tra
ced
to
an
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ry
loc
ate
d
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tel
y
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km
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m
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lak
e
(Ta
ble
12)
.
Aga
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ear
ch
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s
of
the
pla
nt
eff
lue
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(Oc
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er,
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6)
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te
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t
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t p
oin
t s
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s o
f m
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x.
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New
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e D
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l C
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5 y
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s a
go.
Bec
aus
e o
f t
he
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ure
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he O
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(a s
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low
leve
l da
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ith
lock
s fo
r na
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)
a de
term
inat
ion
of t
he r
ates
of t
rans
port
of l
aten
t (b
ed s
edim
ent)
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x
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nst
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o L
ake
Ont
ari
o w
ill
req
uir
e f
urt
her
stu
dy.
On
the
bas
is
of
the
est
ima
ted
sed
ime
nta
tio
n r
ate
s i
n t
he
Osw
ego
Anom
aly
rela
ted
to c
ore
prof
iles
it c
an b
e st
ated
that
the
mire
x oc
curr
ed
in 6
—33
a mi
nimu
m of
8 ye
ars
ago
and
in E
-3O
betw
een
7 an
d 13
year
s ag
o.
The Sub-sampling of the cores at 1.0 cm increments does not provide
suff
icie
nt
reso
luti
on f
or a
bsol
ute
dati
ng o
f th
e mi
rex
infl
ux b
ut
the
esti
mate
of 8
to 1
3 ye
ars
befo
re p
rese
nt
(196
3-19
68)
is c
ompa
tibl
e wi
th
an
init
ial
disc
harg
e to
the
Oswe
go R
iver
occu
rrin
g ap
prox
imat
ely
16
year
s ag
o in
1961
.
The
very
natu
re o
f th
e Os
wego
Rive
r wi
th a
seri
es o
f
low
leve
l da
ms w
ould
resu
lt
in a
lag
peri
od b
etwe
en d
isch
arge
and
depo
siti
on
in the open lake system. From the data presented for the Oswego River
sediments, it can be assumed that loss of mirex to Lake Ontario will
still occur under high river stage conditions.
PRELIMINARY EVALUATION OF LEAD IN THE GREAT LAKES
Evidence has recently been presented (Wong g£_a1., 1975) that
microorganisms in lake sediments, specifically Great Lakes sediment, can
transform certain inorganic and organic lead compounds into a volatile
tetra—methyl lead (MeuPb). Further it has been demonstrated that exposure
of algae to this compound reduced primary productivity and growth by as
much as 85% (Silverberg et_al,, 1977). As quoted from Wood (1977)
" . . . . . lead needs at least two covalently bound methyl groups before
forming a stable organometallic. And, in model system reactions, diethyldichlorolead
is methylated by methyl cobalamin - suggesting that such a reaction can
occur in the bioshpere. If it proceeds routinely man might be in for
trouble. The higher alkyl lead compounds such as tetra-methyl lead are
highly potent nerve toxins".
Concentrations of tetra—methyl lead in Great Lakes fish are not
known at present, however Sirota and Uthe (1977) recently reported this
compound in marine fish from the east coast of Canada. They showed the
tetra—alkyl lead ranged from 9.5%, in cod liver, to 89.7% in flounder
meal expressed as percentage of the total lead content. Further evidence
for the environmental methylation of Pb has been given by Schmidt and
Huber (1976) in Germany and by Jarvie g£_al. (1975) in England.
Lead must thus be designated as a metal of potential environmental
concern with the potential of recreating a "mercury situation" in the
Great Lakes ecosystem.
3O
  
TABLE 12
MIREX IN OSWEGO RIVER SURFACE SEDIMENTS, 1976
DIST. FROM MIREX
MOUTH CONC NTRATION
(KMS (DATE OE SAMPLING)) PPB)
0.6 (8/16) 30
0.6 (9/2) 7
12.1 (10/28) 7
12.2 (10/28) 7
13.2 (10/28) 493*
13.3 (9/2) 454
13.6 (10/28) 1666*
14.5 (10/28) N.D.
* Average of 3 samples
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fo
rm
at
io
n,
de
ri
ve
d
in
th
e
PL
UA
RG
st
ud
y,
on
le
ad
in
th
e
Gr
ea
t
La
ke
s
en
vi
ro
nm
en
t,
fi
rs
tl
y
to
sho
w a
bre
akd
own
of
lea
d
loa
din
gs
to
the
lak
es,
and
sec
ond
ly
to
ill
ust
rat
e
spa
tia
l
and
tem
por
al
tre
nds
whi
ch
hav
e
res
ult
ed
in
a
lar
ge
res
erv
oir
of
le
ad
in
th
e
Gr
ea
t
La
ke
s
sy
st
em
.
TEMPORAL CHANGES
The
cha
nge
s t
hat
hav
e o
ccu
rre
d i
n P
b d
epo
sit
ion
in
the
Gre
at
Lak
es
hav
e
bee
n
des
cri
bed
by
Kem
p
and
Tho
mas
(19
76)
and
Kem
p g
t_a
l,
(19
77)
.
The
se
stu
die
s w
ere
car
rie
d
out
by
an
exa
min
ati
on
of
Pb
pro
fil
es
in
a
lar
ge
num
ber
of
sed
ime
nt
cor
es.
The
pro
fil
es
wer
e r
ela
ted
to
the
chr
ono
log
y
of
sed
ime
nta
tio
n a
s d
efi
ned
by
the
fir
st
app
ear
anc
e o
f A
mbr
osi
a
(Ra
gwe
ed)
pol
len
rel
ate
d t
o f
ore
st
cle
ara
nce
by
the
ear
ly
set
tle
rs.
Pro
fil
es
for
Pb
are
sum
mar
ize
d i
n F
igu
re
7.
In
all
cas
es
the
se
sho
w t
hat
lea
d c
onc
ent
rat
ion
s
sta
rte
d t
o r
ise
imm
edi
ate
ly
aft
er
set
tle
men
t w
ith
dra
mat
ic
inc
rea
ses
to
the
sur
fac
e o
f t
he
sed
ime
nt
cor
es.
The
se
dat
a w
ere
als
o u
sed
to
cal
cul
ate
a m
ass
bal
anc
e f
or
lea
d a
nd
oth
er
par
ame
ter
s.
The
lea
d b
ala
nce
is
imp
rov
ed
and
pre
sen
ted
lat
er
in
thi
s
rep
ort
.
Kemp
and
co—w
orke
rs
(197
6, 1
977)
addi
tion
ally
norm
aliz
ed t
he l
ead
con
cen
tra
tio
n t
o t
he
Alu
min
um
con
cen
tra
tio
n i
n b
oth
sur
fac
e a
nd
pre
col
oni
al
sed
ime
nt
and
def
ine
d a
sed
ime
nt
enr
ich
men
t f
act
or
(SEF
) w
hic
h i
s e
sse
nti
all
y
a r
ati
o o
f t
he
nor
mal
ize
d l
ead
at
sur
fac
e t
o t
he
rat
io
at
dep
th.
The
rat
io
val
ue
thu
s i
ndi
cat
es
the
deg
ree
of
enr
ich
men
t t
hat
has
occ
urr
ed
from normal precolonial conditions to those observed at the present
time. The SEF values for lead are given in Table 13. These values show
that
anth
ropo
geni
c en
rich
ment
has
occu
rred
thro
ugho
ut th
e Gr
eat
Lake
s.
Highest enrichment has occurred in Lake Ontario followed by Lakes Huron
and Georgian Bay which show similar values; Lake Superior is also highly
enri
ched
with
Lake
Erie
show
ing
the
lowe
st S
EF v
alue
s.
This
is s
urpr
isin
g
in view of the fact that in mass balance terms (discussed later) Lake
Erie has by far the highest loadings for lead. Since the SEF values
give an indication of the degree of enrichment over the natural levels,
then the SEF values for Pb in Lake Erie indicate relatively high natural
loadings under conditions of rapid sedimentation and do not give an
indication of absolute loading in terms of mass balance.
DISTRIBUTION OF PB IN LAKE SEDIMENTS
Figure 8 shows the distribution of total strong, acid (aqua regia)
extractable lead in the surface 3 cms of sediment throughout the Great
Lakes exclusive of Lake Michigan. The general distribution of the lead
concentrations conforms to the known basin configuration in which active
accumulation is taking place (all basins for all Great Lakes)(Figure 9).
Around the periphery of each lake, and in shallow water mid-lake areas,
defined as non—depositional zones, lead concentrations are uniformly
low, whilst the higher values occur in the depositional basins.
Anomalously high lead values generally in plume type configurations
overriding the basin type of concentration gradients can be seen in Lake
St. Clair and Lake Erie.
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In Lake St. Clair two anomalies can be observed in the western
shoreline, and in a zone extending from the eastern distributaries of
the St. Clair Delta.
The former may well be related to Ethyl Corporation
and the latter to the known high lead concentrations in the wetlands of
the Delta produced by loss of lead shot in sport hunting activities.
In Lake Erie two plumes can be observed from the Detroit River to the
Western Basin of Lake Erie and from the Cleveland
Regionto the Central
Basin.
Both of these are believed to reflect the urban, industrial
concentrations at Windsor, Detroit and Cleveland.
Mean
concentrations
for
lead
in the
individual
lakes,
broken
out
by
non—depositional
and basin
sediments,
are
given
in Tables
14
to
18 inclusive.
At this stage these tables are provided for information and mean values are
plotted in Figure 10 to indicate the trends in lead concentrations throughout
the lakes.
From
Figure
10
it
can be
seen
that
little
variation occurs
between
Lake Superior, North Channel,
Lake Huron and Georgian Bay.
Lake St. Clair
is lower than upstream Lake Huron due to a coarser material and lesser
percentage of fines
(Thomas g£_§l.,
1977).
A dramatic increase can be observed
in mean concentration between Lake St.
Clair and the Lower Lakes, Erie and
Ontario,
that reflects the inferred increased loadings to these two lower lakes
observed in the lead distribution in Figure 8.
LEAD MASS BALANCE
Preliminary
information
on
the
lead
balance
in
Lakes
Ontario
and
Erie
is
given
in Tables
19
and
20.
Similar
information has
not been
calculated
for
the
Upper
Lakes
at
this
time
and will
be
carried out
when
the current
data
base has
beer
fully
evaluated.
For
Lakes
Superior
(Table
18)
and Huron
(Table
16)
the
atmospheric
loadings
for
lead
taken
from
the
Acres
Consulting
report
to
PLUARG
are
given.
From
the
known
sediment
accumulation
in
these
lakes
it
can
be
seen
that
approximately
50%
of
the
loadings
for
Lake
Superior
are
of
an
atmospheric
origin
whereas
the
atmospheric
loading
to
Lake
Huron
is
likely
to
be
much
higher on a percentage basis.
More
detailed
breakdowns
of
lead
loadings
for
Lakes
Ontario
and
Erie
are
provided
in
Tables
19
and
20.
From
these
tables
it
can
be
seen
that
the
total
loading
to
Lake
Erie
is
approximately
4
times
that
to
Lake
Ontario
despite
the
similar
concentration
levels
observed
in
the
sediments
of
the
two
lakes.
This
reflects
the
much
higher
sedimentation
rates
in
Lake
Erie.
The
percentage
loadings
for
the
two
lakes
also
change;
the
predominant
loading
to
Lake
Erie
is
from
the
atmosphere,
whereas
fluvial
sources
are
the
predominant
flux
of
lead
to Lake Ontario.
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 TABLE 14 ,
LE
AD
IN
GR
EA
T
LA
KE
S
SE
DI
ME
NT
S
-
LA
KE
ON
TA
RI
O
 
2 SD LOADINGS
LAK
E
ON
TA
RI
O
N
PPM
PPM
TON
NES
s
6 T
ONN
ES
PB
PER YR.X PER YEAR
A1
1
Sa
mp
le
s
24
9
10
7
65
-
—
No
n
De
po
si
ti
on
al
Zo
ne
13
2
64
51
-
-
Ba
si
n
Zo
ne
117
154
43
4.
76
725
Ni
ag
ar
a
Ba
si
n
23
157
41
0.
75
11
3
Mi
ss
is
sa
ug
a
Ba
si
n
39
15
6
48
0.
70
10
9
Ro
ch
es
te
r
Ba
si
n
55
152
40
3.
31
50
3
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 TABLE 15
LEAD
IN
GREAT
LAKES
SEDII-‘IENTS
-
LAKE
ERIE
AND
LAKE
ST.
CLAIR
X
SD
338
METRIC
LAKE
ER
1 E
N
PPM
PPM
x
6
TONNES
PB/
YR
All
Samples
257
87
50
—
—
Non
Depositional
Zone
102
48
30
-
-
Total
Basin
155
112
44
29.6
3006
Western
Basin
34
145
52
5.9
856
Sandusky
Basin
8
92
20
8.2
894
Central
Basin
83
111
34
—
—
Eastern
Basin
30
81
35
15.5
'
1256
Lake
St.
Clair
50
26
14
¢
-
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 TABLE 16
LEAD IN GREAT LAKES SEDIMENTS - LAKE HURON
X SD LOADINGS
LAKE HURON N PPM PPM TONNES s 6 TONNES PB
PER YR.X PER YEAR
Total Lake 177 49 34 ~ -
Non Depositional Zone 97 35 28 V - _
Total Basin 80 66 35 - 690
Mackinac 11 67 41 - -
Manitoulin 42 70 41 - -
Alpena 2 59 7 - -
Saginaw 4 87 19 - -
Goderich 16 58 12 V - -
Port Huron 5 38 27 — -
Acres Report
Atmospheric Loading
 
Model 690 tonnes/year
Precip. Chem. 460 tonnes/year
 
 TABLE 17
LEAD IN GREAT LAKES SEDIMENTS - GEORGIAN BAY
GEORGIAN BAY
Total Lake
Non Depositional Zone
Total Basins
Nottawasaga
Owen Sound
Lion's
Cabot
Flowerpot
French River
Parry Sound
North Channel
Acres Report
Atmospheric Loading
M
o
d
e
l
270
t
o
n
n
e
s
/
ye
a
r
Precip.
Chem.
320
tonnes/year
 TABLE 18
LEAD IN GREAT LAKES SEDIMENTS - LAKE SUPERIOR
LAK
E S
UPE
RIO
R
N
i
SD
LOA
DIN
GS
PPM PPM TONNES S 6 TONNES PB
PER YR.X PER YEAR
A11
Sam
ple
s
404
44
27
—
—
Non
Dep
osi
tio
nal
Zon
e
188
26
18
—
-
Tota
l Ba
sin
216
60
23
—
1,42
0
Dul
uth
27
62
20
-
-
Che
fsw
et
27
53
16
-
-
Apostle 13 56 15 — —
Isle
Roya
le
50
65
17
-
—
Thun
der
Bay
Trou
gh
17
68
16
-
-
Thun
der
Bay
5
48
21
—
—
Caribou 49 59 29
Marathon 60 20 - —
Keweenaw 72 10
Whitefish 18 52 86 - —
Acres Report
Atmospheric Loading
Model
Precip. Chem.
780 tonnes/year
650 tonnes/year
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TABLE 19
LE
AD
MA
SS
BA
LA
NC
E
(M
ET
RI
C
TO
NS
PE
R
AN
NU
M)
-
LA
KE
ON
TA
RI
O
LA
KE
ON
TA
RI
O
IN
PU
TS
DE
PO
SI
TE
D
AN
D
OUTPUTS
Ac
cu
mu
la
ti
ng
in
se
di
me
nt
72
5
Ni
ag
ar
a
Ri
ve
r
su
sp
en
de
d
so
li
ds
53
4
Al
l
ot
he
r
ri
ve
rs
su
sp
en
de
d
so
li
ds
17
6
So
lu
te
al
l
ri
ve
rs
19
5
'
Sh
or
el
in
e
er
os
io
n
50
Dr
ed
ge
d
sp
oi
l
65
Airborne input Model 440
Precip Chem. 280
Ou
tp
ut
su
sp
en
de
d
so
li
ds
54
7
On
tp
ut
so
lu
te
20
7
To
ta
l
14
60
13
00
14
79
PERCENTAGE INPUTS
 
Z
of
Lo
ad
in
g
Z
of
Ac
cu
mu
la
ti
on
&
Ou
tp
ut
Fl
uv
ia
l
69
.6
61
.2
Ero
sio
n
3.8
3.4
Dr
ed
gi
ng
5.
0
4.
4
Atm
osp
her
ic
21.
6
18.
9-2
9.7
Una
ccn
unt
ed
—
1.3
-12
.1
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 TABLE 20
LE
AD
MA
SS
BA
LA
NC
E
(M
ET
RI
C
TO
NS
PE
R
AN
NU
M)
-
LA
KE
ER
IE
  
LA
KE
ER
IE
IN
PU
TS
DE
PO
SI
TE
D
AN
D
OUTPUTS
Ac
cu
mu
la
ti
ng
in
se
di
me
nt
30
06
De
tr
oi
t
Ri
ve
r
su
sp
en
de
d
so
li
ds
17
1
Al
l
ot
he
r
ri
ve
rs
su
sp
en
de
d
so
li
ds
19
2
So
lu
te
al
l
ri
ve
rs
19
6
Sh
or
el
in
e
er
os
io
n
43
7
Dre
dge
d
spo
il
99
Airborne inputs Model 650
Precip. Chem. 2200
Out
put
sus
pen
ded
sol
ids
319
Out
put
sol
ute
177
Tot
al
174
5
329
5
350
2
PERCENTAGE INPUTS
Z
of
Lo
ad
in
g
Z
of
Ac
cu
mu
la
ti
on
& O
ut
pu
t
Flu
via
l
17.
0
16.
0
Ero
sio
n
13.
3
12.
5
Dre
dgi
ng
3.0
2.8
Atm
osp
her
ic
66.
7
18.
6—6
2.8
Una
cco
unt
ed
—
5.9
-50
.1
45
 
  
NEARSHORE WATER QUALITY
Evaluation and statistical analysis of existing nearshore2 water
quality data, collected along the Canadian shoreline of the Great Lakes by
the
Ontario Ministry
of
the Environment
(OME)
between
1967
and
1973,
have
been
in progress since mid-1975.
Evaluation of the data base, with respect
to
problems
and
inadequacies,
was
completed
in
late
1975.
The
single
most noticeable characteristic of the data file is its spatial and
temporal variability.
Statistical analysis of the data set for eight
selected
parameters
has
been
completed.
Present
work
is directed
toward
the
analysis
of additional
water
quality
parameters,
the
interfacing
of
loadings
information
and
nearshore
water
quality
and
an examination
of
available
water
quality
data
for
the
interconnecting
channels
of
the
Great
Lakes
and
Toronto
and
Hamilton
harbours.
The
procedure
employed
in
the
analysis
of the nearshore
water
quality
data
is
summarized
in
Figure
11.
Figures
12
and
13
illustrate
the
partitioning
of
the
nearshore
zones of Lake Erie and Ontario.
On
the
basis
of
the
parameters
considered
to
date,
certain
water
quality
problems
have
been
identified
within
each
of
the
lakes
which
are
consistent
with
the
problems
identified
in
previous
reports
of
the
Great
Lakes
Water
Quality
Board.
Repetition
of
these
areas
and
associated
water
quality
problems
is
not
necessary.
Rather,
as
an
example
of
the
results,
total
nitrogen
and
total
phosphorus
data
for
the
Canadian
nearshore
zones
of
Lakes
Erie
and
Ontario
will
be
summarized
and
discussed.
Analysis
of
variance
techniques
indicated
that
for
the
Lower
Lake:,
total
nitrogen
and
total
phosphorus
concentrations
generally
did
not
vary
significantly
among
seasons
or
between
surface
and
subsurface.
In
these
cases,
a
grand
mean
for
each
timeframe
adequately
describes
nutrient
concentrations
of
each
nearshore
region
(Tables
21
to
24).
These
data
indicate
that
nutrient
concentrations
within
Lake
Erie
are,
as
would
be
expected,
greatest
within
the
Western
Basin
(attaining
a
maximum
in
Maumee
Bay
-
region
21).
Nutrient
concentrations
tend
to
decrease
toward
the
east
with
local
maxima
observed
at
the
mouth
of
the
Grand
River
(Ontario)
and
at
the
lake
outlet
(regions
4
and
1
respectively).
Within
the
Canadian
nearshore
zone
of
Lake
Ontario,
regional
mean
total
nitrogen
values
ranged
from
1260
mg
N/l
(region
4)
to
0.670
mg
N/l
(region
3).
Highest
concentrations
were
most
commonly
observed
at
the
mouth
of
the
Niagara
River
and
in
the
vicinities
of
Hamilton
and
Toronto.
East
of
Toronto,
concentrations
tended
to
be
less
variable
suggesting
the
absence
of
major
loadings
and/or
more
rapid
dispersion.
The
spatial
pattern
of
total
phOSphorus
concentrations
is
similar
to
that
described
for
total
nitrogen.
Regional
mean
total
phosphorus
concentrations
varied
from
0.011 to 0.045 mg P/l.
 
2For
the
purpose
of
this
study,
the
"nearshore
zone"
has
been
loosely
defined
as
that
area
monitored
by
stations
established
by
Ontario
Ministry
of
the
Environment
in
their
nearhsore
water
quality
surveillance
program
except
for
enclosed
embayments
(i.e.,
Toronto
and
Hamilton
Harbour).
These
two
areas
are
to
be
considered
as
part
of
ongoing
work.
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 TABLE 21
SUMMARY OF TOTAL PHOSPHORUS DATA FOR THE CANADIAN NEARSHORE ZONE OF LAKE ERIE
 
NEARSHORE
T TA PHO PH R * (M / )
TRENDS BETWEEN 1967 & 1973 (MG/L/YEAR)
REGION
1969-69
1978-7l
1972-73 FOR SPRING-SURFACE DATA ONLY**
.026
.019
.020
0
.021
.021
.022
0
.025
.021
.020
-.001
.031
.024
.030
0
.029
.019
.021
-.002
.025
.020
.018
—.002
.025
.022
.021
0
.024
.008-.019
.016
—.001
.023
.016
.017
—.002
1
.022
.016
.021
-.001
11
.022
.017
.021
0
12
.021
.017
.026
0
13
.024
.017
.023
0
14
.026
.014
.026
-.003
15
.029
.009-.026
.028
-.005
16
.034
.010—.034
.022
—.004
17
.040
.033
.030
—.002
18
.050
.044
.023-.053
0
19
.047 .023—.050
.041
—.004
-20 '
.044-.073
.047
.044
0
21
.144
.198
—
+.022
22
.071
.062
.020—.073
0
H
N
M
Q
W
O
N
Q
O
‘
O
5
0
  
*Where seasonal and depth differences are significant, a range of mean values is provided.
**Since the cell means tended not to be significantly different, the temporal trends for
all seasons and depths tended to be similar. The spring season was sampled most
consistently for all regions during the seven years and is used here to summarize the
trends.
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TABLE
22
SUMMARY
OF
TOTAL
NITROGEN
DATA
FOR
THE
CANADIAN
NEARSHORE
ZONE
OF
LAKE
ERIE
 
NEARSHORE
REGION
1967-69
.203-.349
.257
.219
.226
.175
.
1
7
2
.204
.219
.169
10
.229
11
.204
12
.320
13
.327
14
.344
15
.354
16
.388
17
.402
18
.228—.690
l9
.133-.554
20
.539
21
.722-3.26
22
.239-.605
H
N
M
Q
W
O
N
C
O
O
‘
1970-70
.263-.570
.406
.343
.367
.403
.366
.397
.322
.316
.26l-.322
.326
.348
.350
.329
.355
.252-.476
.393
.505
.481
.703
.967—5.34
.651
TOTAL
NITROGEN
(MG/L)*
1972-
.386
.354
.352
.438
.406
.382
.372
.352
.
3
4
0
.
3
5
0
.374
.395
.367
.
3
5
8
.
3
7
7
.374
.426
.449-.724
.481
.529
.511
TRENDS BETWEEN 1967 8 lQZ§ (MG/L/YR) FOR
73
SPRING-SURFACE DATA ONLY
+.020
+.025
+.045
+
.
0
5
0
+.046
+.036
+
.
0
2
5
+.042
+.027
+
.
0
3
5
+.021
m
m
H
F
!
O
O
O
O
O
C
O
O
O
+
+
NO
I
*Where seasonal and depth differences are significant, 3 range of mean values is provided.
**Since the cell means tended not to be significantly different,
the temporal trends for
all seasons and depths tended to be similar.
tently for all regions during the seven years and is used here to summarize the trends.
The spring season was sampled most consis-
 
  
5
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TABLE 23
SUMMARY OF TOTAL NITROGEN DATA FOR THE CANADIAN NEARSHORE ZONE OF LAKE ONTARIO
TRENDS BETWEEN 1967 a 1973 (MG/L/YR)
NEARSHORE
TOTAL NITROGEN (MG/L)*
FOR SPRING-SURFACE DATA ONLY**
REGION
1967-69
1970—71
1972—73
H
.401 .514 .368
.297 .452 .346
.285 .670 .548
.260 ..469 .410
.299 .531 .425
.377 .516 .466
.305 .442 .428
.339 .404 .376
.350 .384 .387
10
.334 .407 .373
11
.382 .483 .374
12
.334 .348—.560 .348
13
.283 .357-.628
.312
14
.336 .420 .330
15
.309 .452 .386
+
'
+
\
D
\
D
\
O
N
O
‘
L
n
O
N
+
+
I
—
‘
I
N
M
G
W
O
N
Q
O
‘
v
—
i
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
m
H
r
 
*Where seasonal and depth differences are significant, a range of mean values is provided.
**Since the cell means tended not to be significantly different, the temporal trends for all
seasons and depths tended to be similar. The spring season was sampled most consistently
for all regions during the seven years and is used here to summarize the trends.
5
3
TABLE
24
SUMMARY
OF
TOTAL
PHOSPHORUS
DATA
FOR
THE
CANADIAN
NEARSHORE
ZONE
OF
LAKE
ONTARIO
 
TOTAL
PHOSPHORUS
(MG/L)*
1967-69
1970-71
1972—73
.032
.028
.016-.029
.027
.023-.035
.024
-.0007
.034
.030
.019—.045
0
.031
.025
.021
-.002
.037
.034
.028
-.002
.042
.040
.033
—.002
.039
.037
.024
-.004
.028
.027
.016
-.003
.023
.024
.018
-.001
10
.021
.020
.016
-.001
11
.024
.014-.023
.016
-.002
12
.023
.017
.011—.018
—.002
13
.023
.016-.019
.016
—.002
14
.018-.026
.019
.017
0
15
.024
.020
.024
—.001
NEARSHORE
TRENDS BETWEEN 1967 a 1973 (mg/L/YR)
REGION
FOR SPRING—SURFACE DATA ONLY*
—.001
v
—
(
N
M
Q
W
Q
N
w
C
ﬁ
 
*Where
seasonal
and
depth
differences
are
significant,
a range
of mean
values
is
provided.
**Since
the cell
means
tended
not
to be
significantly different,
the
temporal
trends
for all
seasons
and depths
tended
to
be similar.
The
spring
season was
sampled
most
consistently
for
all regions
during
the
seven
years
and
is
used
here to
summarize
the
trends.
 Least
squares
regression
analysis
was
used
to
quantify
temporal
trends
for
each
parameter
within
each
nearshore
region.
This
information
is
also
summarized
in
Tables
21
to
24
with
the
rates
of
change
significant
at
the
95
percent
level
of
confidence,
or
else
replaced
by
a
"0"
value.
Total
phosphorus
shows
small
annual
decreases
or
no
significant
trend
throughout
the
Lake
Erie
nearshore.
In
contrast,
total
nitrogen
increased
throughout
the
Eastern
Basin
and
parts
0f
the
Central
and
Western
Basins.
A
significant
decrease
in
total
nitrogen
was
evident
abOut
the
mouth
of
the
Detroit
River
(region
22).
In
Lake
Ontario,
phosphorus
also
decreased
d
ur
i
n
g
the
s
e
ve
n
ye
a
r
s
of
r
e
c
o
r
d
w
i
t
h
a
l
a
r
g
e
r
d
e
c
r
e
a
s
e
o
c
c
u
r
r
i
n
g
b
e
t
w
e
e
n
t
i
m
e
f
r
a
m
e
s
2
and
3
than
b
e
t
w
e
e
n
t
i
m
e
f
r
a
m
e
s
l
and
2.
T
o
t
a
l
n
i
t
r
o
g
e
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
rose
s
i
g
n
i
f
i
c
a
n
t
l
y
in
r
e
g
i
o
n
s
3,
4,
6,
7
and
15
of
L
a
k
e
Ontario,
p
o
s
s
i
b
l
y
in
r
e
s
p
o
n
s
e
to
g
r
e
a
t
e
r
l
o
a
d
i
n
g
s
to
these
regions.
S
i
g
n
i
f
i
c
a
n
t
trends
we
r
e
g
e
n
e
r
a
l
l
y
a
b
s
e
n
t
w
i
t
h
i
n
o
t
h
e
r
regions.
T
h
e
t
e
m
p
o
r
a
l
t
r
e
n
d
s
c
o
m
p
u
t
e
d
f
o
r
t
o
t
a
l
n
i
t
r
o
g
e
n
a
n
d
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
for
b
o
t
h
L
a
k
e
O
n
t
a
r
i
o
and
L
a
k
e
E
r
i
e
s
ug
g
e
s
t
that
the
r
e
m
e
d
i
a
l
p
r
o
g
r
a
m
s
d
e
s
i
g
n
e
d
to
c
o
n
t
r
o
l
p
h
o
s
p
h
o
r
u
s
l
o
a
d
i
n
g
s
to
t
h
e
G
r
e
a
t
L
a
k
e
s
(in
p
a
r
t
i
c
u
l
a
r
t
h
e
r
e
d
u
c
t
i
o
n
of
d
e
t
e
r
g
e
n
t
p
h
o
s
p
h
o
r
u
s
)
a
r
e
h
a
v
i
n
g
a
p
o
s
i
t
i
v
e
e
f
f
e
c
t
u
p
o
n
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
i
t
h
i
n
t
h
e
n
e
a
r
s
h
o
r
e
z
o
n
e
o
f
t
h
e
s
e
w
a
t
e
r
b
o
d
i
e
s
.
T
o
t
a
l
n
i
t
r
o
g
e
n
,
l
o
a
d
i
n
g
s
,
o
n
the
o
t
h
e
r
h
a
n
d
,
a
r
e
n
o
t
b
e
i
n
g
s
i
g
n
f
i
c
a
n
t
l
y
c
o
n
t
r
o
l
l
e
d
w
i
t
h
t
h
e
r
e
s
u
l
t
b
e
i
n
g
i
n
c
r
e
a
s
e
d
l
e
v
e
l
s
i
n
n
u
m
e
r
o
u
s
n
e
a
r
s
h
o
r
e
r
e
g
i
o
n
s
of
b
o
t
h
l
a
k
e
s
.
H
o
w
e
v
e
r
,
h
i
g
h
e
r
l
a
k
e
l
e
v
e
l
s
a
n
d
t
h
e
s
u
b
s
e
q
u
e
n
t
i
n
c
r
e
a
s
e
d
f
l
o
w
t
h
r
o
u
g
h
is
b
e
l
i
e
v
e
d
to
b
e
r
e
s
p
o
n
s
i
b
l
e
f
o
r
o
b
s
e
r
v
e
d
d
e
c
l
i
n
e
s
o
f
c
h
l
o
r
i
d
e
(
b
o
t
h
i
n
t
h
e
n
e
a
r
s
h
o
r
e
z
o
n
e
a
n
d
w
i
t
h
i
n
t
h
e
o
p
e
n
l
a
k
e
,
(
B
e
n
n
e
t
t
,
1
9
7
7
)
i
n
L
a
k
e
E
r
i
e
.
T
h
i
s
p
r
o
c
e
s
s
c
o
u
l
d
c
o
n
c
e
i
v
a
b
l
y
a
c
c
o
u
n
t
f
o
r
s
o
m
e
o
r
a
l
l
o
f
t
h
e
t
r
e
n
d
o
b
s
e
r
v
e
d
f
o
r
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
i
n
L
a
k
e
E
r
i
e
.
T
h
e
s
i
t
u
a
t
i
o
n
i
n
L
a
k
e
O
n
t
a
r
i
o
i
s
q
u
i
t
e
d
i
f
f
e
r
e
n
t
.
T
h
e
n
e
a
r
s
h
o
r
e
d
a
t
a
f
o
r
L
a
k
e
O
n
t
a
r
i
o
r
e
v
e
a
l
a
s
i
g
n
i
f
i
c
a
n
t
i
n
c
r
e
a
s
e
i
n
c
h
l
o
r
i
d
e
s
o
v
e
r
t
h
e
s
e
v
e
n
y
e
a
r
s
,
s
u
g
g
e
s
t
i
n
g
t
h
e
a
b
s
e
n
c
e
o
f
d
i
l
u
t
i
o
n
.
O
p
e
n
l
a
k
e
d
a
t
a
f
o
r
i
n
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
h
a
v
e
i
n
c
r
e
a
s
e
d
s
i
g
n
i
f
i
c
a
n
t
l
y
b
e
t
w
e
e
n
1
9
6
8
a
n
d
1
9
7
5
,
w
h
i
c
h
a
g
r
e
e
s
w
i
t
h
t
h
e
n
e
a
r
s
h
o
r
e
d
a
t
a
,
w
h
e
r
e
a
s
a
s
i
g
n
i
f
i
c
a
n
t
t
r
e
n
d
w
a
s
n
o
t
o
b
s
e
r
v
e
d
f
o
r
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
(
F
r
a
s
e
r
,
i
n
p
r
e
s
s
)
.
I
t
w
o
u
l
d
a
p
p
e
a
r
t
h
e
n
,
t
h
a
t
p
h
o
s
p
h
o
r
u
s
c
o
n
t
r
o
l
m
a
y
h
a
v
e
h
a
d
a
n
e
f
f
e
c
t
u
p
o
n
t
h
e
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
o
f
L
a
k
e
O
n
t
a
r
i
o
b
y
1
9
7
3
b
u
t
t
h
i
s
e
f
f
e
c
t
h
a
s
n
o
t
i
n
f
l
u
e
n
c
e
d
t
h
e
o
p
e
n
l
a
k
e
b
y
1
9
7
5
t
o
t
h
e
e
x
t
e
n
t
t
h
a
t
a
s
i
g
n
i
f
i
c
a
n
t
t
r
e
n
d
can be discerned.
O
n
g
o
i
n
g
r
e
s
e
a
r
c
h
w
i
l
l
b
e
t
a
k
i
n
g
a
c
l
o
s
e
r
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o
o
k
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t
s
o
l
u
b
l
e
p
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p
h
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r
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s
w
h
i
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h
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r
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r
e
c
t
l
y
r
e
l
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t
e
d
t
o
t
h
e
c
o
n
t
r
o
l
o
f
d
e
t
e
r
g
e
n
t
p
h
o
s
p
h
o
r
u
s
t
h
a
n
i
s
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
.
L
o
a
d
i
n
g
t
r
e
n
d
s
f
o
r
t
h
e
s
e
a
n
d
o
t
h
e
r
p
a
r
a
m
e
t
e
r
s
a
r
e
a
l
s
o
b
e
i
n
g
e
v
a
l
u
a
t
e
d
.
T
h
e
i
n
t
e
r
f
a
c
i
n
g
o
f
l
o
a
d
i
n
g
i
n
f
o
r
m
a
t
i
o
n
w
i
t
h
n
e
a
r
s
h
o
r
e
a
n
d
o
p
e
n
l
a
k
e
w
a
t
e
r
q
u
a
l
i
t
y
d
a
t
a
s
h
o
u
l
d
a
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s
i
s
t
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b
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t
e
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n
d
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s
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d
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t
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s
w
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t
h
e
s
e
l
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e
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E
N
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A
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I
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L
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A
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O
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O
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p
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c
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L
a
k
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O
n
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a
r
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s
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i
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C
i
s
-
e
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l
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(
I
o
r
a
)
w
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p
r
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n
2
.
6
p
e
r
c
e
n
t
o
f
s
a
m
p
l
e
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b
e
t
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1
.
7
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.
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p
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(
I
I
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r
B
)
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p
r
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n
8
.
3
p
e
r
c
e
n
t
o
f
s
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p
l
e
s
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1
.
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o
5
.
6
p
p
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e
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l
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e
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p
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9
p
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c
e
n
t
o
f
s
a
m
p
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3
.
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.
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s
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 was identified ranged from 1.0 to 9.5 ppb with a mean residue of 2.9
ppb.
The limits of detection were <0.5,
<1.0 and <2.0 ppb respectively
for cis-and trans—endosulfan and the sulfate metabolite (Table 25).
The
highest
concentrations
(3 to
9.4
ppb)
of
endosulfan
were
located
in the Niagara Basin and across the Scotch Bonnet sill into the southwestern
corner
of
the
Rochester
Basin.
Lower
residues
(1-3 ppb)
fed
into
these
high spots with connecting links along the southern lip of the Mississauga
Basin.
No clear entry point
to the lake is evident and suggests a spill
in the
western
end of Lake
Ontario midway
between
the
Niagara
River
and
Toronto.
All
samples
except
those
on
the
Scotch
Bonnet
sill
contained
parent
endosulfan.
The
highest
levels
were
found
in sediment
from the
Niagara
and
Rochester
Basins
(C-6,
D-7;
C—27,
D—27).
These had
a cis~
to
trans-
endosulfan
in
the
ratio
of
2.3:l,
which
is
the
same
ratio as
in
the
formulation.
In sediments with lower residues surrounding these high
spots ard inter—connedting them, trims—endosulfan predominates and the
cis isomer was not detected or in ratios of l:7+(cis:trans).
Where
endosulfan was found in sediments on the Scotch Bonnet sill it was
present as the endosulfan sulfate and no parent compound was found.
The
fact that the ratio of cis- to trans—endosulfan in the formulated product
is also
in a ratio of 2.3:1 supports the conclusion that a spill occurred
in the lake which entered the deep zones of the Niagara Basin.
Subsequent
movement of endosulfan wOuld result
in more rapid oxidation of the cis
form to
the
metabolite
endosulfan
sulfate,
which
being
more
soluble
would
enterthe water phase.
Hence the trans form predominates where
movement
has
occurred.
The endosulfan
sulfate
found
on the
sill
may
have
been
originally deposited
as parent
compound but
was
Subsequently
oxidized
in
situ;
sediments
on the
sills
being
oxic
in
nature
(Thomas at al.,
1972).
A
summary
is
given
in Figure
14
which
would tend
to
support
the
contention of
a spill
in
the
Niagara
Basin
together with
postulated
dispersion within the system.
 
AVAILABILITY
OF
PHOSPHORUS
IN
SHORELINE
BLUFFS
INTRODUCTION
A
considerable
amount
of
phosphorus
enters
Lake
Erie
due
to
erosion
of
shoreline
bluffs
(Kemp e£_§l,,
1976).
Most
of
the
phosphorus
in
this
material
is
in the
form
of
insoluble
apatite
(Williams,
§£.§l.,
1976).
Consequently,
phosphorus
entering
the
lake
via
this
route
is
generally
considered
unavailable
for
phytoplankton
growth
relative
to
other
sources.
An
experiment
was
conducted
in the
Great
Lakes Biolimnology
Laboratory
at
the
Canada
Centre
for
Inland
Waters
to
test
the
availability
of
phosphorus
in
bluff
material
for
phytoplankton
growth.
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METHODS
The experiment was carried out in Lake Column Simulators. These
columns are 4.25 m in height, 1 meter in diameter with a volume of
approximately 3300 liters.
Dechlorinated tap water was used to fill the
columns and a mixed—species innoculum of phytoplankton that had grown
under phosphorus—starved conditions was then added.
The
total
phosphorus
loadings
were
equivalent
for
the
three
columns
at
1.1
g P m—
yr-1
(International
Joint
Commission
Report,
1969)
or
2.37 mg
P/column
day-1.
However,
one column
received
phosphorus
in a
completely
available
form
(as
phosphoric
acid)
while
the
other
two
received
3.58
g
day—1
of
dried,
ground
bluff
material
as
their
only
source
of
phosphorus.
Supplementary
additions
of nitrogen
and
other
macro-
and micro—
nutrients
were
added
to
insure
that
the
two
treatments
and
control
columns
differed
only
in
the
form
of
phosphorus
added.
Irradiation
was
supplied
by
one
1,000
watt
tungsten-halogen
lamp
suspended above each column.
Primary
production
was
estimated
by
measuring
uptake
of
ll‘C
labelled
carbonate
in
situ.
A
rough
measure
of
standing
crop
was
obtained
by
filtering
known
volumes
of
water
through
pre—ashed
and
weighed
glass
fibre
filters
and
then
drying
to
constant
weight.
RESULTS
Primary
production
rates
clearly
show
the
differences
between
the
two
treatments
(Figure
15).
Phytoplankton
in
the
column
receiving
completely
available
phosphorus
showed
an
immediate
and
rapid
response
to
the
treatment.
In
only
six
days,
primary
production
rose
from
3.8
mg
C
m_-3hr_1
to
141.1
mg
C
muahr-l
and
rates
averaged
close
to
110
mg
C
In-3
hr—1
throughout
the
experiment.
Phytoplankton
in
columns
receiving
bluff
material
showed
no
rapid
response
in
production.
The
maximum
rates
achieved
in
these
two
columns
was
only
about
20%
of
the
average
rate
for
the
phosphoric
acid
treatment.
In
fact,
in
the
latter
part
of
the
experiment
primary
production
rates
in
the
bluff
treatments
had
declined
considerably
to
<5
mg
C
mu3hr-l
Standing
crop
estimates
reveal
the
same
pattern
(Figure
16).
Seston
dry
weight
increased
within
ten
days
to
over
10.0
mg/liter
and
remained
at
this
level
for
the
duration
of
the
experiment.
Seston
weight
in
the
bluff
treatments
was
never
over
4.0
mg/liter
and
averaged
between
2.0
and
3.0
mg/liter
during
the
experiment.
Similar
to
primary
production
rates
standing
crops
had
declined
in
the
bluff
treatments
toward
the
end
of
the
experiment.
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 DISCUSSION
Comparison of the responses by the phytoplankton communities shows
that bluff material does not release enough phosphorus to support high
levels of productivity. Although production rates in the early stages
of bluff treatments were not extremely low in comparison to rates measured
in the lower Great Lakes (Glooshenko g£_al., 1974), these levels could
not be sustained throughout the experiment. Most of the seston weight
in the bluff treatments is likely attributable to suspension of very
fine particles derived from the treatment itself. Further analysis of
additional available data on standing crop, such as chlorophyll §_and
ATP may likely reveal much smaller standing crops in the bluff treatments
than the seston weight measurements suggest.
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INTRODUCTION
A simple diagrammatic summary of the pollution from land uses for
each of the watershed study areas of PLUARG is presented in Figure 17.
The shaded areas of the figure signify that data will be generated to
address questions related to pollution from that land use.
The following discussion is structured to delineate the sources and
movement of pollutant materials from the land to the Great Lakes and the
processes to which they are subjected during the course of their transport
through the environment before encroaching upon the Great Lakes. The
major discussion centers on 1. atmospheric loadings to the land; 2.
overland flow of materials to streams and rivers; 3. transport, delivery
and transformations in the stream which allow determinations (or predictions)
of river mouth loadings terminating with; 4. an evaluation of the
processes occuring in estuaries and embayments of the Lakes. Some brief
considerations have been given to water quality goals to be achieved in
each of the Great Lakes, which leads to a series of conclusions relating
to sources, forms and amounts of pollutants reaching the Great Lakes as
a result of land use and land use practices in the basin.
MATERIALS TRANSPORT PROCESSES
ATMOSPHERIC INPUT
In the PLUARG effort only a few watersheds are presently being
monitored for atmospheric input. Several published reports dealing with
the amount and importance of atmospheric loading of lakes are available.
In view of this, all of the data should be pooled. The pooling would
include present efforts of PLUARG members, data from the H.G. Acres
report on "Atmospheric Loading of the Lower Great Lakes and the Great
Lakes Drainage Basin," the Murphy reports on phosphorus loadings, reports
by Kuntz and Elder from CCIW, and others. Presently, information is
available on P, some N and inorganic C data, Na, Ca, Mg, Cl, Fe, Mn, K,
sou, Pb, Zn, Ni, Cd, Cu, PCB and PAH. Of these parameters PCB and
possibly Pb appear to pose the most serious hazards to all the lakes
water quality while P is a potential hazard to Upper Lakes water quality.
Initial estimates indicate that atmospheric inputs contribute a significant
fraction
of
the
total
lake
input.
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Present estimates of atmospheric lake loadings show a wide variation
reflecting methodological differences. By September 1977 the best
estimates of lake basin loadings for each parameter will be tabulated and evaluated
with respect to seasonality and basin-wide variability. Furthermore, an
assessment of the relative importance of wet and drydeposition will be
made. A desirable feature would be an evaluation of each parameter in
terms of source. Present information allows estimations of primary
sources. For example, contents of PCB and Pb in air is related closely
to population density, while contents of P are more closely related to
farming practices. However, these atmospheric components are ubiquitous
and are often derived from several hundred kilometers distance from the
point of deposition. Accurate estimates of sources are likely to be
exceedingly difficult. The other elements and compounds have natural
and anthropogenic sources, e.g. fossil fuel combustion, incineration,
steel mills, cement factories, landfills, etc. For each parameter
relative atmospheric loadings with respect to total loading need to be
evaluated.
Remedial actions for decreasing air pollutant inputs and subsequent
water quality effects in some ways parallel actions for controlling
river inputs. Air pollutants can be considered as emanating from point
and diffuse sources; PCB and P are particularly difficult to deal with
in this regard because the specific locations of atmospheric introduction
are not well—known. However, abatement at individual air pollution
sources must be included in any viable remedial program.
OVERLAND FLOW AND SUBSURFACE MOVEMENT
Contaminants can move from land surfaces either in solution or
adhering or sorbed to soil and organic particles and colloids. Materials
can be carried over the land surface and through tile drainage and
groundwater flow systems in any of these forms. However, greatest
portions of the materials moving through tile drain and groundwater
systems are in solution form.
Contaminants moving across land surfaces may travel only short
distances before they are redeposited or infiltrate the soil profile.
Heavy rainfall, high antecedent moisture conditions, steep slopes,
impervious soils, frozen soils and paved surfaces all favour movement
over large distances. Field investigations and modelling activities
have demonstrated that the land area contributing contaminants to streams
from agricultural practices is frequently < 20% of the total area during
periods of average rainfall. During heavy rainfall periods or during
frozen ground conditions the portion can approach 100% suggesting that
these surfaces are potentially the major source areas to the Great Lakes
for nutrients, as an example. In designing remedial measures this concept
of variable source area must be considered together with variationsin
delivery ratios of sediments and other contaminants moving over land
surfaces.
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he
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ore
than
10%.
They
may
also
resu
lt
in i
ncre
ased
soluble phosphorus concentrations in the stream.
Unit area loadings of filtered inorganic phosphorus from agricultural
areas range from 0.07 to 0.58 kg/ha/year and 0.05 to 0.25 kg/ha/year
from surface runoff and tile drains, respectively. Total phosphorus
loadings are respectively, 0.10 to 12.1 kg/ha/year and 0.22 to 0.63
kg/ha/year. In some forested watersheds, total phosphorus loadings have
been monitored at < 0.05 kg/ha/year.
Sediment from rural areas is a pollutant to the Great Lakes primarily
in terms of the phosphorus that it carries with it. Sediment loadings
to streams range from < 50 to > 5,000 kg/ha/year in agricultural areas.
Loadings in forested areas are often as low as 2 kg/ha/year. Although
most of the sediment load appears to come from early spring events,
there is, as yet, no agreement on the portion of the total annual load
occurring in this period. However, soil erosion is active throughout
the year. Modeling based on the Universal Soil Loss Equation and delivery
ratios will be useful in indicating relative sediment load reductions
for different proposed remedial measures but will not achieve marked
accuracy.
While areas of intensively farmed row cropping systems represent
the highest erosion potential, major contributing areas for sediments
are those directly adjacent to streams. Agricultural management practices
(for example, fall plowing, plowing too close to streams and drainage
outlets) in these areas abpear to contribute sediment in greater than
average amounts. Other sources of sediment in rural areas, such as road
ditches, were recognized but no data are available.
Nitrate content of rural runoff moving overland or through groundwater
flow systems in areas of intensive agricultural field cropping or livestock
operations often exceeds permissible drinking water standards (10 mg/liter
as N). Baseline values for nitrate in streams, i.e., in the absence of
agricultural or urban inputs are often less than 1 mg/liter as N.
Heavy metals may be present in rural runoff, but levels appear to
be unrelated to agricultural activity. They are more dependent on
geochemical factors and soil parent materials. Old orchards likely have
accumulations of lead and arsenic from pesticides and if such areas are
cultivated or converted to urban use, special sediment control measures
will be required.
In the caSe of pesticides, there are about 300 compounds of which
30 are potential hazards to the environment.
These include the persistent
organochlorine insecticides like DDT, aldrin, HEOD, etc., which have
been cancelled and removed from the market place. As a direct consequence
of this action, residues of these deregistered compounds in waters and
aquatic
organisms
of
the
Great
Lakes
are
declining.
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th
of
str
eam
s.
Th
e
ju
di
ci
ou
s
us
e
of
pe
st
ic
id
es
is
be
in
g
fo
st
er
ed
to
pr
ev
en
t
pr
ob
le
ms
dev
elo
pin
g
in
the
fut
ure
.
The
se
inc
lud
e
pes
t m
ana
gem
ent
pro
gra
ms
tha
t
det
erm
ine
pes
t
pop
ula
tio
ns
and
pre
scr
ibe
con
tro
l m
eaS
ure
s
as
nee
ded
.
'Al
rea
dy
suf
fic
ien
t
sav
ing
s
hav
e
bee
n e
xpe
rie
nce
d
in
Ont
ari
o
to
con
vin
ce
far
mer
s
of
the
ben
efi
ts
of
mon
ito
rin
g
to
pre
dic
t
tim
es
of
app
lic
ati
on.
Two
on—
goi
ng
pro
gra
ms
are
ins
ect
con
tro
l
on
app
les
and
bli
ght
con
tro
l o
n
car
rot
s.
Bio
log
ica
l
and
bio
log
ica
l—c
hem
ica
l
con
tro
l
pro
gra
ms
are
bei
ng
in
tr
od
uc
ed
to
fu
rt
he
r
re
du
ce
pe
st
ic
id
e
use
;
for
ex
am
pl
e,
re
le
as
e
of
pa
ra
si
te
s
of
th
e
al
fa
lf
a
we
ev
il
an
d
the
ce
re
al
le
af
be
et
le
,
an
d
the
fos
ter
ing
of
par
asi
te
bui
ld—
ups
in
orc
har
ds
to
con
tro
l
mit
es
in
fru
it.
It
ha
s
be
en
es
ti
ma
te
d
th
at
th
er
e
ar
e
ma
ny
th
ou
sa
nd
s
of
in
du
st
ri
al
che
mic
als
com
mon
ly
use
d
in
com
mer
ce.
Amo
ng
the
se,
10,
000
may
be
of
maj
or
use
.
Som
e s
our
ces
sug
ges
t 1
,20
0 m
ay
hav
e a
n e
nvi
ron
men
tal
imp
act
;
ho
we
ve
r,
be
tw
ee
n
10
0
an
d
20
0
ar
e
co
ns
id
er
ed
to
be
a
th
re
at
to
th
e
en
vi
ro
nm
en
t
by
the
U.S
. E
PA.
Cur
ren
tly
,
onl
y a
lim
ite
d n
umb
er
inc
lud
ing
PCB
, M
ire
x,
P88
and
PCN
and
HCB
are
bei
ng
mon
ito
red
.
As
a r
esu
lt
of
the
se
mon
ito
rin
g
eff
ort
s
it
is
sus
pec
ted
tha
t f
ire
ret
ard
ant
che
mic
als
are
dif
fus
ing
fro
m
lan
dfi
ll
are
as,
slu
dge
dis
pos
al
sit
es,
are
al
fal
lou
t,
tra
nsp
ort
ati
on
and
pow
er
cor
rid
drs
,
inc
ine
rat
ors
,
and
urb
an
and
ind
ust
ria
l s
ite
s.
A m
ore
int
ens
ive
mon
ito
rin
g e
ffo
rt
is
nee
ded
to
ass
ess
the
ext
ent
of
inc
urs
ion
of these chemicals into the Great Lakes.
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In terms of contamination of the Great Lakes by pathogenic bacteria,
(as measured by fecal coliforms, fecal streptococci) and other organisms,
the field data have yet to be evaluated. They appear to be a significant
source of contamination in near—shore areas of the Great Lakes used for
recreational purposes.
Major pollutants associated with urban areas are P, N, suspended
solids, heavy metals, bacteria and organics. These pollutants are
contributed to surface waters via bothpoint and non-point sources.
Significant non—point sources include atmospheric fallout, litter and
debris, construction activities, fertilizers, vehicle emissions and
lubricants and wastes from domestic pets and city-dwelling wildlife
(birds, rats, etc.).
Table 26 summarizes the relative contribution from urban areas as
related to point and non—point sources.
STREAM PROCESSES
There is considerable controversy regarding delivery ratios for sediments
reaching the Lakes from streams in the Great Lakes Basin. It was concluded
that for management purposes and except for the coarse fractions trapped in man—
made reservoirs, sediment reaching streams in the Great Lakes Basin will
ultimately reach a lake. That is, the long-term delivery ratio is 1:0 for those
sediment particles which transport the major portion of the contaminants reaching
the Great Lakes.
In a given year, or from year to year a high percentage
of the suspended sediment load is transported in the stream system
during a few high-flow events.
In specific stream reaches and during
selected storm runoff events, the stream sediment delivery ratio can be
greater than, equal to or less than 1.0.
This implies that land use
activities throughout the basin, regardless of their distance from the
Great Lakes, can have an impact on the quality of the boundary waters.
In areas not influenced by hydrologic modifications due to active development,
streambank erosion
contributes
only
5
to
10%
of
the
total
sediment
load
carried
by
streams.
The
eroded
materials
are
not
considered
to
be
major
pollutants
of
the
Great
Lakes
except
in such
cases where
they destroy
the spawning grounds of fish.
The
phosphorus
load
in
streams
is
composed
of
soluble
and
particulate
forms;
the
percentage
of
each
form
can
vary
considerably.
Suspended
and
bed
sediments
residing
in
streams
have
been
shown
to
be
very
efficient
processors
of
soluble
phosphorus,
i.e.,
they
sorb
phosphorus
at
much
faster
rates
than
they
desorb.
This
effect
is
often
achieved
in
short
reaches
of
the
stream.
Because
of
this,
filtered
reactive
phosphorus
contents
at
the
river
mouth
are
relatively
low
with
the
exception
of
the
phosphorus
generated
in
urban
settings
located
close
to
the
river
mouth.
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E
2
6
POLLUTANT,
SOURCES
AND
Z CONTRIBUTION
FOR
URBAN
AND
URBANIZING
AREAS*
 
P
O
L
L
U
T
A
N
T
Suspended
solids
Total
Phosphorus
Total Nitrogen
Metals
Bacteria
Organics (PCB)
SOURCE
IN
ORDER
OF
SIGNIFICANCE
NON-POINT
Atmospheric,
Litter
& Debris,
Construction,
Road Deterioration
Litter
& Debris,
Fertilizers, Petroleum
Additives & Vehicle
Lubricants
Atmospheric, Litter
& Debris,
Fertilizers
Automobile Emissions,
Solid Wastes, Industrial
Via
Atmosphere
Animal Wastes (Cats,
Dogs, Rodents feces-
bird droppings)
Vegetation and Soil
Atmospheric Fallout
and Landfills
Z SOURCE
NON‘POINT
POINT
40—60
60—40
POINT
Sewage
Treatment
Plant
(STP)
Industrial
(IND)
STP
30-50
IND
70—50
STP
40-60
IND
60—40
STP
50-70
50-30
STP
50—70
IND
50—30
STP
-
-
IND
* Table Derived from PLUARG Data and Other Published Data
Lead and perhaps other metals are transmitted in the stream system
in a manner similar to that described for phosphorus.
From the remedial standpoint, reduction in runoff and erosion from
the land will serve to reduce sediment and particulate phosphorus loadings
to the stream. However, it is unlikely that sediment loadings could be
reduced to the point where phosphorus and heavy metals remain in solution
throughout the stream course.
During stream transport, nitrogen and phosphorus undergo chemical
and biological transformations. Among these reactions are oxidation of
ammonia to nitrite and nitrate; reduction of nitrate to gaseous oxides
of nitrogen and to nitrogen gas; and assimilation of inorganic nitrogenous
forms into organic forms. Phosphate reactions include sorption and
desorption; precipitation in mineral forms, and assimilation into organic
forms. The rates of transformation and recycling of the several forms
of nitrogen and phosphorus are dependent on the chemical and biological
composition of the stream. These relationships will be clarified and
quantified during the course of the watershed investigations.
An unresolved controversy centers on the percentage of the particulate
phosphorus load that ultimately becomes biologically available in the
stream and lake systems. Some investigators state that as little as 10%
is available while others suggest 70% as a more appropriate figure. It
is essential that the biological availability of phosphorus be clarified
during the course of PLUARG activities in order that feasible management
strategies can be recommended.
The availability of toxic metals to stream biota is not well understood.
The pH of the stream does not appear to be of great importance in determining
instream availability. Present data would indicate that only a small
percentage of the total stream load of toxic metals is biologically
available.
ESTUARINE PROCESSES
The river—lake interface zones are defined as part of the Great
Lakes boundary waters, i.e., they comprise part of the near—shore zone
of the lakes. Three categories are distinguished:
l.
Enclosed harbors
including Hamilton, Toronto, Duluth and Milwaukee, several tributaries
draining into eastern Lake Michigan,
and Pentwater and Muskegon Rivers.
2.
Embayments
including Saginaw,
Green, Thunder and Maumee Bays.
3.
Open coastlines
including the Grand in Michigan, the Grand in Ontario
and the Genessee in New York.
The interface zone begins at the point
where
the
effects
of
the
lake
are
evident
on
the
system.
Enclosed
harbors
and
embayments
will
reduce
the
amounts
of
sediment
transported
to
the
open
lake.
Estimation
of
the
extent
of
retention may
be possible
based
on hydraulic
and
sediment
characteristics
or
from
prior
field
investigations.
Through
sediment
retention,
significant
amounts
of
nutrients,
trace
metals
and
hazardous
organic
chemicals
may
be
retained.
However,
fine—grained
sediments
will
be
retained
to
a
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 lesser extent and they frequently carry the highest concentrations of
pollutants. Furthermore, such conditions in the enclosure or embayment
as anoxia, wind—generated resuspension amongst others may change the
mobility of some contaminants.
Sedimentation in the river interface zones may, in part, be long—
term or permanent as shown by the necessity for dredging.
Interface areas are potential iigh use areas for recreation and
other purposes. Firtler, the restr.cted circulation in enclosed harbors
and some embayments tends to increase the impact of pollutants entering
these zones. Therefore, the goals for water quality in these zones
should be——to the extent practicable—-to achieve water quality criteria
developed for the lakes in general, i.e., open waters. If these goals
are to be met, it may be necessary to provide more stringent non—point
source controls to streams discharging to enclosed harbors and embayments
than to discharge to an open coastline.
In addition to the management of point and non—point sources in the
watershed, some options exist for management within the interface zone
as follows: 1. Diversion of certain sources away fromharbors, e.g.,
storm sewers; 2. dredging to remove bottom sediments with their associated
contaminants; and 3. modification of circulation patterns, e.g., by
altering inlet or outlet structures.
PRELIMINARY CONCLUSIONS FROM PILOT WATERSHED STUDIES
The major perceived water quality problems in the Great Lakes are
related to increased rates of eutrophication and the incursion of a
variety of toxic materials into the system. Acceleration of the eutrophication
process is dependent on nutrient loadings to the lakes and hence to
sediment inputs which serve as a transport mechanism for nutrients
carried in particulate form, e.g., phosphorus. However, with proper
land management, phosphorus and sediment loadings to the Great Lakes can
be controlled thereby reducing the unsightliness of the highly eutrophic,
near—shore zones of some of the lakes. The input of toxic materials to
the lakes may constitute a public health hazard. These toxicants are
derived from point sources and land related activities but most frequently
reach the lakes from point sources through negligence, either in their
manufacture or use. The following conclusions can be drawn with regard
to the materials of greatest importance in Great Lakes pollution:
1. Phosphorus is the single most important nutrient affecting the
water quality of the Great Lakes.
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4. The trend toward use of degradable pesticides in the basin has
greatly minimized the threat from these compounds. However, in
areas of heavy pesticide usage in close proximity to tributary
streams or the lakes themselves the potential for pesticide pollution
still exists. This threat is, nevertheless, essentially a short
term problem.
5. The total magnitude of the threat to the Great Lakes from industrial
chemicals is difficult to evaluate at this time. Safe guidelines
for the manufacture, use and disposal of these compounds is urgently
needed and should be accompanied by an effective early—warning
surveillance program. The resources to adequately control industrial
chemicals will be an order of magnitude greater than those currently
available for pesticide control.
6. An adequate monitoring program with an additonal research effort
should be directed toward those trace elements which potentially
undergo methylation reactions.
7. Atmospheric sources are significant sources of nutrients and toxic
materials to the Lakes, however, additional monitoring is required
to quantify these sources.
Of the major land uses in the Great Lakes Basin, only agricultural
and urban activities contributesignificantly to pollution. The other
major use-—forestry——does not present a significant threat, however,
short—term effects may occur during or following harvesting operations.
In many areas where water quality is currently high, preventive programs
will have to be developed so that future land use activities will not
degrade water quality. Such land uses as waste disposal (solid, liquid
and sludges) and barnyard and manure storage operations may constitute
local problems but may not be a significant threat to the total Great
Lakes system. With proper design criteria these local problems can be
controlled adequately.
In order to evaluate the costs and benefits of any remedial program,
the relative inputs from point, non—point and atmospheric sources need
to be assessed.
To prepare recommendations which provide alternative
strategies for different levels of pollutant reduction, the costs associated
with control of each source must be delineated.
It was concluded that
for management purposes the long—term delivery of materials to the river
mouths is assumed
to be unity and any management scheme must be designed
with this criterion in mind.
Thus,
all land areas
in the basin must be
considered
as
potential
sources
of
pollutants.
However,
this
conclusion
must
be
tempered
by
the
variable
source
area concept,
whereby
a higher
degree of control
should be exercised for those areas possessing high
levels of imperviousness.
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TECHNICAL REMEDIAL MEASURES
The final choice of remedial measure recommendations must involve
both the technical and economic feasibility of these recommendations
before the non-point sources of pollution that have beenidentified as
impacting the Lakes can be brought under control. The public consultation
program was designed in part, to test the publics' awareness of these
problems and their willingness to contribute to their solutions using
remedial measures recommended by others, or remedial measures that in
their opinion appear reasonable from a cost and management point of
view. A perception of what might be accomplished on a voluntary basis
versus what might have to be mandated to reduce pollution from non-point
sources should be obtained through this effort.
Both the U.S. and Canada are looking into existing remedial measures
that can be adopted to abate or minimize pollution from non—point sources.
The interest in this effort is great in the U.S. because many study
areas within the Great Lakes Watershed and beyond have been designated
as 208 planning areas where area wide management treatment plans are
required under Public Law 92-500 Section 208. Managers of 208 plans,
subcontractors who are conducting the required studies in designated
regions and others involved in this total effort face many of the same
problems (poorly documented field information, inadequate existing
literature on the subject, etc.) as PLUARG investigators. There is one
notable distinction that can be made between the PLUARG mandate and that
of other concerned investigators and that is the required emphasis on
the resulting water quality in the Great Lakes. The importance of this
distinction cannot be overlooked as many land uses that may cause only
local water-quality degradation or pollution problems within upland l
watersheds may never be shown to reach the open waters of the Lakes. g;
These
pollu
tants
could
be ig
nored
from
a mor
e na
rrow
persp
ectiv
e as
‘
being beyond the responsibility of PLUARG. In fact, land uses that Y
currently are having only minor or local impacts on upland water quality
will be regarded as low priority concerns requiring no further attention
in the time span of PLUARG but which may require longer term monitoring
from an IJC time perspective.
PLUARG is currently investigating structural controls presently
available to help abate non—point sources of pollution within the Great
Lakes Basin and elsewhere in North America. Two phases of the work are
outlined in Table 27.
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TABLE 27
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P
r
e
p
a
r
a
t
i
o
n
o
f
a
c
a
t
a
l
o
g
u
e
o
f
a
l
l
t
h
o
s
e
s
t
r
u
c
t
u
r
a
l
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
a
v
a
i
l
a
b
l
e
t
o
c
o
n
t
r
o
l
t
h
e
n
o
n
—
p
o
i
n
t
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
.
T
h
i
s
c
a
t
a
l
o
g
u
e
w
o
u
l
d
i
n
c
l
u
d
e
d
e
t
a
i
l
e
d
i
n
f
o
r
m
a
t
i
o
n
o
n
t
h
e
f
o
l
l
o
w
i
n
g
p
a
r
a
m
e
t
e
r
s
:
(
a
)
d
e
s
c
r
i
p
t
i
o
n
o
f
t
h
e
t
e
c
h
n
i
q
u
e
(
b
)
l
e
v
e
l
o
f
p
r
e
v
i
o
u
s
u
s
e
a
n
d
s
i
t
e
s
p
e
c
i
f
i
c
requirements
(
c
)
s
o
u
r
c
e
o
f
d
e
t
a
i
l
e
d
d
e
s
i
g
n
i
n
f
o
r
m
a
t
i
o
n
(d
)
l
e
v
e
l
o
f
p
o
l
l
u
t
a
n
t
c
o
n
t
r
o
l
a
c
h
i
e
v
e
d
(e
)
a
s
s
o
c
i
a
t
e
d
b
e
n
e
f
i
t
s
a
n
d
c
o
s
t
s
(
f
)
c
o
s
t
s
i
n
c
l
u
d
i
n
g
c
a
p
i
t
a
l
o
p
e
r
a
t
i
n
g
a
n
d
m
a
i
n
t
e
n
a
n
c
e
I
d
e
n
t
i
f
i
c
a
t
i
o
n
o
f
a
n
a
l
y
t
i
c
a
l
t
e
c
h
n
i
q
u
e
s
a
v
a
i
l
a
b
l
e
f
o
r
e
v
a
l
u
a
t
i
n
g
t
h
e
a
p
p
l
i
c
a
b
i
l
i
t
y
o
f
s
p
e
c
i
f
i
c
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
i
n
a
g
i
v
e
n
s
i
t
u
a
t
i
o
n
.
I
d
e
n
t
i
f
y
t
h
o
s
e
s
t
r
u
c
t
u
r
a
l
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
b
e
s
t
s
u
i
t
e
d
t
o
t
h
e
c
o
n
t
r
o
l
o
f
t
h
e
e
m
e
r
g
i
n
g
n
o
n
—
p
o
i
n
t
w
a
t
e
r
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
s
a
s
d
e
p
i
c
t
e
d
b
y
T
a
s
k
C
a
n
d
D.
P
r
o
v
i
d
e
a
l
t
e
r
n
a
t
e
s
o
l
u
t
i
o
n
s
w
h
e
r
e
a
p
p
l
i
c
a
b
l
e
.
D
e
v
e
l
o
p
a
s
t
r
u
c
t
u
r
a
l
n
o
n
—
p
o
i
n
t
c
o
n
t
r
o
l
p
r
o
g
r
a
m
f
o
r
th
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
i
n
c
l
u
d
i
n
g
th
e
fo
ll
ow
in
g:
(a
)
e
n
u
m
e
r
a
t
i
o
n
of
t
h
e
t
o
t
a
l
c
o
s
t
s
i
n
c
l
u
d
i
n
g
c
a
p
i
t
a
l
,
o
p
e
r
a
t
i
n
g
a
n
d
m
a
i
n
t
e
n
a
n
c
e
i
n
v
o
l
v
e
d
i
n
t
h
e
a
p
p
l
i
c
a
t
i
o
n
of
e
a
c
h
c
o
m
p
o
n
e
n
t
o
f
t
h
e
p
r
o
g
r
a
m
to
th
e
r
e
s
p
e
c
t
i
v
e
a
r
e
a
s
r
e
q
u
i
r
i
n
g
treatment in the Basin.
(b
)
d
e
s
i
g
n
a
t
i
o
n
of
th
os
e
a
r
e
a
s
of
th
e
B
a
s
i
n
r
e
q
u
i
r
i
n
g
tr
ea
tm
en
t
wi
th
sp
ec
if
ic
re
me
di
al
me
as
ur
es
(c
)
as
se
ss
me
nt
of
th
e
le
ve
l
of
po
ll
ut
an
t
re
du
ct
io
n
a
c
h
i
e
v
e
d
t
h
r
o
ug
h
i
m
p
l
e
m
e
n
t
a
t
i
o
n
of
th
es
e
m
e
a
s
u
r
e
s
(d
)
id
en
ti
fi
ca
ti
on
of
ot
he
r
be
ne
fi
ts
an
d
co
st
s
at
tr
ib
ut
-
ab
le
to
th
e
im
pl
em
en
ta
ti
on
of
th
es
e
me
as
ur
es
ac
ro
ss
the Basin.
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 AREAS OF POTENTIAL CONFLICT
It is timely to inform the Commission of the variety and nature of
non-point sources of pollution issues that will arise from this effort
and that may cause special problems during its deliberations following
the transmittal of the final PLUARG report and supporting documents.
Some of these are of a social-political nature, others of a geochemical
nature in that they involve an interaction of natural and man-altered
processes that operate within uplands, at or near the land surface,
within the shallow soil zone, within ground—water flow systems, and
within streams and lakes. These also must be considered from a time
perspective as will be made clear.
PEOPLE'S PERCEPTION OF THEIR ENVIRONMENT
PLUARG is operating on the assumption that many people will deny
that their range of land use activities will have a water quality impact
on the Great Lakes and hence, that they should be excluded from financial
burdens that may be imposed on them by outsiders who wish to reduce
pollution to the Lakes. The strength of this feeling or belief is
assumed to increase greatly as the proximity of the people to the Lakes
increases. Some upland land owners are not even aware that they live
and work within the Great Lakes Watershed let alone have a personal
stake or interest in the Lakes. This will pose an educational problem
for years to come. The public must gain insight into these problems to
win their support for costly remedial measure programs.
The impact of land uses on lake water quality is expected to increase
as the proximity of the land use to the lakes decreases. Major metropolitan
centers are located on or near the shore - Rochester, Buffalo, Toronto,
Cleveland, Detroit, etc. therefore, may be required to have a larger
burden for pollution abatement programs to bring about further improvement
in lake water quality then metropolitan centers more remote from the lakes.
Will this mean that nearshore land uses will have to come under more
stringent controls, and individuals involved bear a higher cost for
pollution abatement programs than more remotely located areas in the
same tributary, or even within the same political jurisdiction? Double
standards are not popular either with the public or the governmental
body who must administer these programs and yet a double standard may be
required to meet a stated water quality objective or standard set for
the lakes.
Subs
idie
s by
resp
ecti
ve f
eder
al
gove
rnme
nts
may
be r
equi
red
to m
ake
up t
he d
iffe
renc
e in
cost
s in
volv
ed
for
thes
e mo
re s
trin
gent
reme
dial
measures that may be prescribed for nearshore land uses. 0n the other
hand
, t
he s
ame
wate
r q
uali
ty s
tand
ards
and
reme
dial
meas
ures
mayb
e
desi
rabl
e to
prot
ect
area
s mo
re r
emot
e fr
om t
he l
akes
to i
nsur
e ad
equa
te
loc
al
wat
er
qua
lit
y w
ith
in
lak
es,
str
eam
s a
nd
gro
und
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dis
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FIGURE 18 HYDROLOGICALLY ACTIVE AREAS WITHIN A WATERSHED PRODUCED BY
STEEP SLOPES; GROUNDWATER DISCHARGE AREAS, AND AREAS WITH LOW
INFILTRATION CAPACITIES AND SHALLOW WATER TABLES
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of
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es
to
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Gre
at
Lak
es
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and
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er
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y d
egr
ada
tio
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ill
hav
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o c
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t o
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e S
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ce
are
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ith
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con
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d s
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.
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are
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doll
ars
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bute
d eq
uall
y ov
er
the
land
area
of s
elec
ted
drainage basins but rather in critical locations likely to yield the
largest returns for the investment. This would be easier to accomplish
using state, provincial or federal funds, but may be more difficult to
achieve when requiredof individuals.
Loss of infiltration capability due to construction in urban and
industrial complexes results in these areas behaving as the hydrologically
active areas discussed above.
ADEQUACY OF EXISTING REMEDIAL MEASURES
PLUARG was asked to review the existing remedialmeasures available
to control pollution from land use activities, not evaluate their effectiveness
by field demonstrations. Structural control measures and legal and
institutional measures are all being reviewed. However, gaps in knowledge
still exist in defining and engineering the best systems for achieving
this goal.
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Atmospheric components added to the lakes,
for example,
are ubiquitous
and
accurate
estimates
of
sources
are
likely
to
be
exceedingly
difficult
to
define.
This
will
require
follow-up
investigations
to
pinpoint
the
portion
of
the
total
pollution
problem
derived
from
individual
land
uses
and
activities,
i.e.
fossil
fuel
combustion,
farming,
manufacturing,
etc..
PLUARG
has
identified
sheet
erosion
as
a
major
mechanism
for
shedding
up
to
90
per
cent
of
the
total
phosphorus
load
leaving
agricultural
areas
(PLUARG,
1977).
Most
of
this
phosphorus
transport
is
tied
to
the
sediment
load
leaving
the
land
which
increases
with
decreasing
grain
size
of
particles.
Much
of
this
sediment
Iay
be
contributed
by
farmed
row
cropping
systems
that
have
the
highest
erosion
potential
especially
directly adjacent to streams.
As
the
pressure
for
farm
productivity
increases
on
a
world
wide
basis,
these
more
pollutant
yielding
regions
are
bound
to
be
subjected
to
cropping
practices
that
promote
erosion
and
runoff.
Remedial
measures
may
have
to
involve
the
mandated
restricted
use
of
these
lands,
prevention
of
plowing
too
close
to
streams,
drainage
ditches
and
field
borders
and
the
use
of
sediment
control
borders
(structures
and
vegetation)
that
will
help
trap
these
sediments.
Much
will
have
to
be
learned
about
retaining
colloidal
sized
soil
particles
using
available
sediment
control
structures~other
than
larger
lakes
and
reservoirs.
If
present
indications
persist,
it
is
safe
to
conclude
that
these
finer-grained
sediments
will
also
contain.many
of
the
pollutants
transported
by
overland
flow
mechanisms
and
these
sources
of
pollution
will
have
to
be
controlled.
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FIGURE 20 CHANGES IN RATES OF EROSION AND SEDIMENTATION THROUGH TIME.
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Two important observations should be made with a longer time perspective
than has often been considered in pollution abatement programs in the
past. A time frame for water quality improvement and/or quality maintenance
must be defined that is less than geological time but more than the
design life of typical engineering structures - 25 to 50 years or so.
Remedial measures should be selected and implemented that will
provide the greatest pollution abatement possible for the money spent
when considered in the long term.
Remedial measures should be selected and implemented with a clear
realization that the basic laws of physics, chemistry, etc., cannot be
violated. It may be hard to justify spending vast sums of money implementing
one pollution control measure only to find in a short time that a secondary
pollution problem has been created which may have an adverse impact
equal to or greater than the first at some other location within the
environmental system. This will be illustrated to emphasize the importance
of considering the time dimension of natural processes and man-induced
changes in these processes.
It is important to consider here, therefore the difference between
a concept of "permanent storage and transient storage of pollutants" and
the pathways and mechanisms that may be available to aid in their release
and transport or the transport of their daughter or granddaughter products
of weathering within the environment.
Sewage effluents and/or sludges derived from secondary or tertiary
treatment plants are being applied to the land in increasing volumes
throughout the Great Lakes Watershed. The removal of these pollutants
from rivers and streams leading to the lakes and from direct discharge
lines can have permanent or only temporary benefits to the lakes depending
upon whether these pollutants and contaminants are placed into temporary
or permanent storage and/or whether renovation mechanisms operating at
the new treatment or disposal sites are adequate to render these waste
materials harmless before they are ultimately recycled to waterways
leading to the lakes.
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Sludges,
for
example,
might
be
miscakenly
applied
to
hydrologically
active
areas
only
to
be
flushed
into
nearby
streams with
little
or no
improvement in lake quality.
sludges
and
effluents
may
be
flushed
by
intermittent
surface
runoff
events,
or
entrained
within
groundwater
and
discharged
to
land
surface
in
seeps
and
springs,
or
intercepted
by
shallow
tile
fields
placed
to
improve
soil
drainage.
The
transient
time
to
streams
within
this
upland
surface
runoff
transportation
system
may
be
measured
in
a
time
span
of
hours to months.
Alternatively,
these
waste
substances
may
be
applied
to
the
land
at
rates
that
exceed
natural
renovation
processes
operating
within
soil
and
biological
systems
in
upland
areas.
Pollutants
may
migrate
within
soil—
water
and
groundwater
systems
causing
local
water
quality
degradation
or
pollution
problems
that
are
merely
transferred
from
the
lake
system
to
a
more
local
upland
setting.
This
may
represent
an
acceptable
trade—off
to
protect
lake
water
quality
but
may
be
totally
unacceptable
to
residents
in
the
upland
area
who
now
must
bear
the
burden
or
environmental
consequences
of this management decision.
Hydrological
systems
may
be
selected
that
provide
"permanent"
upland
containment
for
such
waste
materials
even
where_renovation
of
waste
substances
is
incomplete
(Figure
21).
Some
upland
areas
within
the
Great
Lakes
Watershed,
for
example,
are
internally
drained.
That
is,
surface
runoff
may
be
confined
to
wetlands,
marshes,
ponds,
and
lakes
that
are
drained
by
groundwater
underflow.
Groundwater
flow
rates
may
be
so
slow
as
to
appear
inperceptible,
hence,
pollutants,
will
be
placed
into
transient
storage
for
years
if
not
generations
(Table
28).
Many
waste
disposal
practices
such
as
deep
well
injection
of
liquid
wastes;
use
of
"sanitary"
landfills
to
dispose
of
solid
and
liquid
wastes;
evaporation
basins
intended
to
evaporate
organic
and
inorganic
liquid
wastes;
and
nuclear
practices
appear
suitable
for
waste
management.
However,
this
is
not
so
and
many
years
may
pass
before
a
pollution
problem
is
discovered
due
to
leakage
and
general
failure
or
inadequacy
of
the
systems.
Ideally,
these
pollutants
should
be
placed
into
permanent
storage
such
that
they
are
absorbed
by
organic
or
inorganic
particles
u
contained
with
soil
or
bedrock
or
undergo
biochemical
and
chemical
i
changes
that
tie
them
up
as
chemical
precipitates,
or
solids
that
are
relatively
inert.
The
whole
question
of
sludge
application
to
productive
‘
agricultural
lands,
to
marginal
and
idle
lands
or
to
disturbed
lands
must
be
considered.
Disturbed
lands
might
include
mine
spoil
deposits,
highway
rights
of
way,
(embankments
and
cuts),
areas
undergoing
subdivision
etc.
The
concentration
and
total
volume
of
more
toxic
substances,
high
concentrations
of
heavy
metals
and
trace
elements,
for
example,
that
should
be
applied
to
lands
with
various
soil
types,
hydrogeological
settings,
and
agricultural
uses
will
have
to
be
evaulated.
The
intent
should
be
to
biochemically
alter
these
substances
to
harmless
by—products
without
degrading
productive
agricultural
land,
crops,
or
local
water
resources,
or
to
store
them
permanently
within
soil
and
rock.
_
.
.
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;
83
  
 ASludge, Liquid
Waste, Solid
Waste Disposal
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SEDIMENT
TRAPS
THAT
CAN
PROVIDE
LONG
TERMED
NEARLY
PERMANENT
STORAGE
WITHIN
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SERVE AS CHEMICAL SINKS I .
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TABLE 28
SEEPAGE THROUGH SOILS AND AGGREGATE
(MODIFIED
FROM
H.R.
CEDERGREN,
1967,
PERMISSION
NOT
REQUESTED)
 
MEDIUM
EFFECTIVE
CHANNEL
DISCHARGE
VELOCITY
DIAMETER
FT/SEC.
(INCHES)
l g — 1 in gravel
0.2
0.015
1-
k
in
gravel
0.1
0.005
3/8" — # 4 gravel
0.03
0.0008
Coarse sand
0.01
0.0001
Fine sand or graded filter
agg.
0.002
1 x 10‘6
311:
0.00024
1 x 10‘9
Flat clay
0.00004
1 x 10‘11
Hydraulic gradients are assumed to be 0.01
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os
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os
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r
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r
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It
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eve
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ime
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vol
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tra
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con
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n f
or
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d,
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Lit
tle
is
sti
ll
kno
wn
abo
ut
the
rat
e o
f t
his
gra
in-
siz
e f
rac
tio
nat
ion
pro
ces
s a
nd
the
eff
ect
ive
nes
s o
f e
xis
tin
g t
ech
nic
al
rem
edi
al
mea
sur
es
to
con
tai
n t
his
fin
er-
gra
ine
d,
mor
e p
oll
ute
d s
ize
fra
cti
on.
Tem
por
ary
stor
age
of t
hese
sedi
ment
s, h
owev
er,
shou
ld n
ot b
e co
nfus
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th
perm
anen
t
sto
rag
e.
Hum
moc
ky
are
as
wit
h i
nte
rsp
ers
ed
und
rai
ned
dep
res
sio
ns
res
ult
ing
from
glac
iati
on i
n th
e Gr
eat
Lake
s wa
ters
hed
may
prov
ide
"per
mane
nt"
sediment traps or storage sites that can be relied upon to contain
contaminated sediments for centuries. Hummocky drift regions of the
Great Lakes Watershed, for example, still lack an integrated stream
drainage network despite the 14,000 to 12,000 years that have elapsed
since the retreat of continental glaciers that deposited these drift
sheets. Hundreds, if not thousands of years may still be required for
headward stream erosion to interconnect these upland depressions. Sediments
enriched with toxic substances that are largely non—biodegradable may be
allowed to erode from adjacent uplands where waste treatment facilities
are placed and be transported to these sediment traps or sediment sinks
that can act as "closed chemical systems".
Man—made lakes, and most sediment control basins, lagoons, terraces,
etc. by contrast should be regarded only as temporary storage sites for
soils enriched with toxic substances.
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Rates of erosion and siltation fr0m land areas with a well developed
integrated drainage network can be appreciable. Sheet and gully erosion
of sediment containing trace and heavy metals added to uplands to abate
existing pollution problems, for example, should be expected to fill
these sediment traps in time until their trap efficiency is reduced or
eliminated entirely. A design life for siltation basins must be viewed
with this point in mind. Are sediment traps likely to contain toxic
sediments?v If so, are these siltation basins to be cleaned to renew
storage Space? How often will this have to be done, and what is to be
done with these new toxic enriched sediments?
Smaller siltation control structures will be no match for the persistent
processes of erosion which in time, will cause them to be breached and their
sediments again regurgitated into the local waterways. Even larger lakes and
reservoirs have a design life from a siltation viewpoint. These in time, even
from an IJC perspective, can become sites for alluvial plains containing meandering
rivers graded to present spillways if new storage space is not provided.
Most existing siltation and sediment control programs in upland areas
are designed to slow rates of geological erosion not eliminate it. Even the
U.S. Department of Agriculture soil and water conservation programs have aimed
to supress soil erosion enough to maintain the resource basebut out of
necessity have taken into account allowable soil loss. This "allowable soil
loss" may proveexcessive from a water quality protection perspective. The
temporary storage of sediment as hillslope colluvium, alluvial fans, and stream
alluvium is being investigated in various areas in North America and should
provide a valuable insight into the problem of diffuse sources of pollution
derived fromerosion and sedimentation. Extensive cutting of virgin timber
and prolonged agricultural activity since the middle and late 1700's in the
Appalachian region for example, have been responsible for 2 to 8 feet (0.6 to
2.4 m) or more accumulations of sediment observed at the base of hill slopes
and within flood plains (Figure 22). These sediments overlie soil profiles,
wood fragments which can be dated by radiocarbon methods and channel lag
gravels containing the artifacts of early European settlers. It appears as if
rates of erosion were greatly accelerated during the transition from virgin
forests to timber cutting and farming. Streams at present appear to be
entrenching themselves within these sediments and re-eroding the sediments that
have been in temporary storage for approximately 200 years.
Accelerated rates of erosion accompany processes of urbanization and
industrialization. As more rural lands adjacent to urban growth corridors
receive wastes of a variety of types and complexity resulting from various
land uses, these shallow soils will become enrichedwith toxic substnaces and will
add to diffuse sources of pollution resulting from accelerated rates of erosion
and siltation with increasing urban sprawl while intensive farming spreads on to
more marginal lands. The influx to the lakes of these pollutants should increase
as these new urban area sediments are disturbed, and removed from sites of
temporary storage down valley from urbanizing areas. Important questions will
remain unanswered following the PLUARG effort. Will threshold conditions
develop within these sediment — fluvial systems that can greatly accelerate the
rates of erosion of temporarily stored sediments enriched by a variety of wastes?
87
   
8
8
A
c
t
i
v
e
E
r
o
s
i
o
n
"
-
—
—
M
a
n
-
m
a
d
e
S
e
d
i
m
e
n
t
C
o
n
t
r
o
l
T
r
a
p
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T
e
r
r
a
c
e
D
e
v
e
l
o
p
m
e
n
t
C
h
a
n
n
e
l
S
t
o
r
a
g
e
/
z
’
Golluvium
A
l
l
u
v
i
u
m
I
n
S
t
o
r
a
g
e
—__‘.;47..
”
Buried
Soil
“Tif-
-
"
‘
'
Surface
1'11
 
 
 
FIGURE
22
SEDI‘MENTS
AND
ENTRAINED
POLLUTANTS
PLACED
INTO
TEMPORARY
STORAGE
WITHIN
DRAINAGE
BASINS
AS
COLLUVIUM
AND
ALLUVIUM
 
 Such
threshold
conditions
imply
that
bulges
of
sediments may
be
delivered
to
streams and lakes in volumes
far in excess of present rates.
ATMOSPHERIC LOADINGS
Studies on the atmospheric loadings of pollutants to the lakes by the
Upper Lakes Reference GrOup and continuing under PLUARG provide but another
example of a substitute pollution problem.
This results in part from the
incineration of municipal and industrial wastes rather than the treatment or
disposal of wastes using alternate methods.
The atmospheric fallout of air—
borne pollutants to the water surfaces of the lakes has been documented.
The
residence time of pollutants within the atmospheric fluid media of transport may
be measured in but a few hours to days and pollutants tend to be uniquely wide-
spread in their distribution.
The atmosphere contains the least storage
potential for pollutants and the shortest residence time of the various
storage and transportation systems available for pollutant transport studied
by PLUARG.
The potential to magnify the importance of airborne pollutants within the
lakes should be apparent when one considers the total land area that comprises
the Great Lakes Watershed available to receive airborne fallout.
Particulates
and substances in solution that fall on the land are available for
remobilization to the lakes by surface runoff, groundwater flow and soil erosion.
Atmospheric pollutants are not restricted in their source to the Great
Lakes Watershed but may be derived from metropolitan and industrial centers remote
from the lakes such as St. Louis, Minneapolis-St. Paul, Chicago, Pittsburgh, etc.
A reduction of this source of loadings to the lakes will haveto be accomplished
in and beyond the region of jurisdiction of IJC.
Atmospheric pollutants derived from the incineration of wastes is another
example of a transfer of pollution problems from one segment of an environmental
system to another, which by first analysis may have appeared to be cost effective
and cost beneficial.
From a longer perspective, recycling of these same wastes may prove to be
the best and ultimate solution to their disposal and in some cases even the least
costly from an overall environmental protection viewpoint.
The best remedial
measure on the other hand, may appear to be too costly to local citizens who will
resist its adoption.
One must be cautious not to adopt and recommend to governments expedient
remedial measures and pollution abatement programs‘that appear economically
attractive in the short term, but which in fact, rely upon built-in pollutant
delay or transfer mechanisms, that in time will have adverse environmental
consequences.
RATES OF CHANGE WITHIN THE SYSTEM
The biological, geochemical and physical processes operating within the
Great Lakes System are not static and constant but have changed through
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 geol
ogic
al t
ime.
Chan
ges
in r
ates
of e
rosi
on a
nd s
edim
enta
tion
have
been induced by documented drops in lake levels accompanying the advance
and retreat of continental glaciers. A drop in lake level represents a
drop in the ultimate base level of erosion to which the land surface is
tending by processes of erosion. A tilt in the earth's crust due to
glacial rebound has occurred as evidenced by tilted beach ridges, marine
sediments elevated above present sea level and other observations. A
change in the surface slope of the land surrounding the lakes has not
only accelerated local erosion and the incision of streams, but also has
accentuated beach and shoreline erosion.
Climatic fluctuations also have beendocumented since the last
retreat of continental glaciers that have influenced the type and distribution
of fauna and flora, precipitation, evapotranspiration and runoff (Table
29). Man—induced changes in the system are superimposed on these natural
processes which can influence the effectiveness of remedial measures
recommended to abate pollution in the lakes. More pronounced influences
of man may be confined to tributaries to the Great Lakes Basin as is the
case in urban areaswhere stormrunoff tends to be accentuated by buildings,
paved areas and where rates of erosion and sedimentation are altered
within the fluvial system.
The transfer of water from one segment of a basin to another as a
source of water and the disposal of sewage effluent in another portion
of the basin will influence the streamflow characteristics of smaller
streams within the affected regions but may be of little consequence
along lower reaches of rivers. However, these local changes in the
stream regime may have a significant bearing on selecting remedial
measures for pollution abatement at the local level.
MAN-INDUCED CHANGES IN PRECIPITATION
Man-induced changes in local rainfall and runoff are also possible,
which can increase the importance of local non-point sources of pollution.
Existing and proposed electrical power generating plants will continue
to rely upon evaporative cooling to dissipate waste heat. Large scale
"energy parks" of the future might contain a cluster of coal fired and
nuclear powered generating plants that can place a significant daily
consumptive draft on local and regional water resources.
The volume of
water available in the lakes is more than adequate to meet these growing
demands for cooling water.
Delays and costs of clearing 4 or 5 smaller power plants through
environmental review procedures might prove greater than the time and
money required to win approval for a single 20,000:_megawatt power
complex.
C.
Hosler,
Dean
of
the
College
of
Earth
and Mineral
Sciences
at
The Pennsylvania
State
University
indicates
that
the
waste
heat
dissipated,
assuming
the use
of
cooling
towers,
might
approach
the 40,000
megawatt
range
for
such
large energy
parks.
This
could
require
a 500 cfs make—up
water
demand
for
cooling
water
dissipated
to
the
atmosphere.
A
10
or
more
billion
gallon
per
day
consumptive
water
demand
cauld
be
met
at
a
number
of
locations
along
the
shores
of
the
lakes.
However,
as
Hosler
points
out,
such
amounts
of
waste
heat
can
produce
convective
patterns
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TABLE 29
CLIMATIC CHANGES SINCE THE LAST RETREAT 0F CONTINENTAL GLACIERS
VEGETATION SEQU NCES IN PARTS OF NORTH AMERICA DURING THE LA T
ADAPTED FROM JnG. OGDEN AND R.F. FLINT, 1971
 
TIME CLIMATE COMPARED
ggl“ BE XEngz MIDWEST NEW ENGLAND “II” EBESEHI
0~ Oak-Hickory— Oak—Hemlock Warmer —
Beech-Maple Chestnut Cooler —
— Ragweed Ragweed Moister
2000- Oak—Beech Oak-Chestnut
4000— Oak-Hickory Oak—Hickory Warmer,
Drier
6000— Oak—Beech Oak-Chestnut -
8000- Oak—Elm Oak-Hemlock Warmer -
Moister
— Cooler —
10,000- Pine Pine Drier —
- Spruce—Pine Spruce-Fir Cooler -
Moister
12,000 Spruce—Fir- Spruca—Parkland Cooler -
Birch
— Cooler —
14,000 Spruce—Parkland Tundra -
91
 which would have important effects on downwind weather conditions.
Precipitation increases of approximately five inches (125 mm) would be
possible 20 to 25 miles (32 to 40 km) downwind especially during hot
summer months. This together with increased cloud cover, fog, etc. will
supress evapotranspiration, increase infiltration, groundwater recharge
and surface runoff that can accelerate local rates of surface erosion
and the leaching of waste substances accumulating on and within the soil
in nearby metropolitan and rural areas.
Salts and other dissolved mineral matter contained in cooling water would
accumulate in the atmosphere and be returned by precipitation a short time
later. Fresh river water might deliver approximately 100 to 300 pounds of
salt per acre through precipitation fallout. These same salts would find
their way into the lakes in any event but consideration would have to be given
to the possibility of accelerating the total water borne pollution load
derived from local watersheds impacted by such energy parks.
CHANGES IN PRECIPITATION CHEMISTRY
A more regional change in precipitation chemistry may have evenmore
important consequences in Great Lakes water quality that may have to be
factored into Great Lakes water qualitymanagement programs. Harr and Coffey
(1975) concluded that acid precipitation represents a major potential hazard
to a significant portion of the New York State ecology, and it may also
inflict substantial economic losses, if the trend continues (compare Figures
23 and 24).
They suggest that the problem could become of crisis proportions
as has been documented for parts of the Scandinavian countries.
They conclude
that both empirical observation and hypothetical models indicate that current
rates of deposition of inorganic acids in precipitation can be sufficient
to produce environmental effects.
Acid
in precipitation can lead to an acidification of lakes and streams, producim
pH's of less than 5 and
thus damage to aquatic ecosystems including fish
populations
(Bolin,
1971;
Beamish
and
Harvey,
1972;
Almer,
Ekstrom,
Hornstrom
and Miller,
1974).
A drop
in pH can result in reduced growth,
lower survival
rates and/or elimination of fish populations.
Such acidity can cause increased
leaching of nutrients from foliage
(Easton, Likens and Bormann,
1973, Wood
and Bormann,
1974)
disruption
of
leaf
physiology and
growth
(Wood
and
Burmann,
1974)
and
increased
leaching
of
soil
cations
(Overrein,
1972)
which
can
contribute
to lessened
plant
growth
over
a wide
area as
postulated
for
Scandinavia
(Jonsson
and
Sundberg,
1972).
The main
implication
of these
findings
is
that
the
rain
and
snow
of
Canada
and
the
north
eastern
United
States
appears
to
be
no
longer
characterized
by
the
weak,
highly
buffered,
carbonic
acid,
but
instead
is
dominated
by
the
stronger,
unbuffered,
sulfuric
and
nitric
acids,
at
a
greatly
reduced
pH
(Harr
and
Coffey,
1975).
They
point
out
that
ecological
effects
of
this
change
are
not
yet
completely
known,
but
potentially
they
are
manifold
and very complex.
Increased
acidity
of
rainfall
in
Scandinavia
has
been
attributed
to
industrial
activity
hundreds
or
thousands
of
kilometers
away
and
it
has
been
shown
that
most
of
the
acidity
is
explained
by
formation
of
H250“
and
N0113
(Wood
and
Bormann,
1974;
and
Oden,
1968).
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FIGURE 23:
PREDICTED PH 0F PRECIPITATION OVER THE EASTERN UNITED STATES
DURING THE gERIOD 1955-1956 BASED ON c EMICAL DATA 0F
JUNGE (1958( AND JUNGE AND WERBY (1958 FROM COGBILL
AND LIKENS 197“)
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FIGURE 24
PREDICTED
PH
OF
PRECIPITATION
OVER
THE
EASTERN
UNITED
STATES
DURING
THE
PERIOD
1955“1955
BASED
ON
CHEMICAL
DATA
OF
LODGE
ET
AL.
1968,
G
A
M
B
E
L
L
AND
FISHER
1966.
FROM
C
O
G
B
I
L
L
AND
LIKENS (1974).
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The
Pollution
from
Land
Use
Activities
Reference
is
the
most
complex,
extensive
and
comprehensive
charge
laid
before
the
International
Joint
Commission.
It
is
the
first
study
dealing
with
all
lakes
and
the
Great
Lakes
basin,
and
the
first
to
have,
designed
within
it,
an exchange
of
knowledge
and
ideas
between
the
technical
community
and
various
publics.
Technically,
the
study
is
challenging
because:
1.
all
land,
even
undisturbed
by
man,
yields
some
materials
which
may
be
the
same
as,
or
similar
to,
known
pollutants
in
the
Great
Lakes.
Some
land
derived
outputs
have
occurred
over
long
periods
of
time,
certainly
preceding
relatively
recent
water
quality
impairment
in
the
Great
Lakes.
2.
transmission
potential
from
land
to
boundary
waters
is
variable,
which
means
that
reductions
in
output
in
some
areas
may
not
be
reflected
quantitatively
by
reductions
in
loadings
to boundary waters. '
3.
problem
areas
on
the
land
are
not
conveniently
localized,
nor
are
they
easily
sampled
and analyzed
through
time because
of
the
influence
of
random
hydrologic
events.
4.
similarly,
problem areas
in boundary
waters
are
generally
extensive
and
most
likely
to be
regional
in nature,
referable
to relatively
large
physiographic/land
use
units.
5.
biological
availability
of
pollutants,
a
fundamental
question
with
respect
to
eutrophication
and
toxic
substance
issues,
varies
greatly and
methods
to
assess
availability
of
some
pollutants
are not well advanced.
From a socio—political viewpoint,
the study is equally challenging
for a variety of inter—related
reasons, including the following:
1.
most,
if not all, sectors of society may contribute in part
to problems attributable to diffuse sources and there is an
equally diverse array of public
agencies, sharing responsibilities
for resource management and/or protection of the environment
 
 at
al
l
tr
ad
it
io
na
l
le
ve
ls
of
go
ve
rn
me
nt
an
d
th
ro
ug
h
a
va
ri
et
y
of
old
and
ver
y
new
int
er—
goV
ern
men
tal
ins
tit
uti
ona
l
arr
ang
eme
nts
.
2.
man
y d
iff
use
—so
urc
e p
oll
uta
nts
may
be
gen
era
ted
ext
ens
ive
ly
and
at
low
lev
els
, w
hic
h r
equ
ire
s t
hat
cos
t e
ffe
cti
ven
ess
be
exa
min
ed
cri
tic
all
y i
n c
omp
ari
son
wit
h c
ost
s a
nd
res
ult
s o
f
fur
the
r p
oin
t—s
our
ce
con
tro
ls
and
wit
hin
a r
ang
e o
f d
iff
use
-
sou
rce
con
tro
l p
rog
ram
s.
Dif
fus
e—s
our
ce
con
tro
ls
are
not
likely to be universally required.
3.
som
e c
ont
rol
pro
gra
ms,
to
be
und
ert
ake
n s
ucc
ess
ful
ly
in
the
private sector, may require public expenditure and desicion-
making on where (in terms of geography and pollutants) such
expenditures wOuld yield greatest benefits.
4. potential remedial and preventative measures may encompass
much more than traditional engineering works aimed at compliance
with explicit water quality objectives and/or standards.
5. yardsticks for assessment of water quality of the Great Lakes
are based primarily on water quality criteria and objectives which
are particularly applicable to point—source inputs. Because many
diffuse-source contaminants move with suspended sediments and
accumulate as bottom deposits, where they are subject to biological
and chemical reactions, increased emphasis is required on loading—
rate objectives. This has been done for phosphorus inputs to the lakes.
Negligible or essentially zero rates may be needed for some contaminants.
6. there is a shortage of "compelling arguments" for expenditures on
remedial measures based on benefits from the resources of the
Great Lakes; yardsticks to assess well being of these resources are
generally not well developed and information is often inadequate. By
contrast, there are conflicting arguments, such as those based on
inflation, energy sufficiency and demand for food.
7. successful completion of identified diffuse-source cOntrol programs
will require deep commitment by public and governments at all
levels, sustained over many years.
During the first three years of the PLUARG study (emphasis was
placed on documentation of present and projected land and materials use,
intensive studies on outputs and sources of potential pollutants from
selected "pilot" watersheds representative of larger regions, and the
analysis of water quality and related problems in boundary waters of the
Great Lakes. In addition to these activities, aimed at answering technical
questions, considerable attention has been focused on the socio-political
problems as well.
Application of scientific findings to the analysis of
the overall problem from a socio-political viewpoint,
thereby cutting
across all PLUARG studies,
is a challenge which has been taken up by the
Reference
Group.
There
are
four
main
related
thrusts
to
this work:
first is a thorough examination of legal, institutional and technical
100
  
  
a
p
p
r
o
a
c
h
e
s
t
o
d
e
a
l
w
i
t
h
d
i
f
f
u
s
e
s
o
u
r
c
e
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
s
;
s
e
c
o
n
d
l
y
,
t
h
r
o
u
g
h
t
h
e
i
n
f
o
r
m
a
t
i
o
n
a
n
d
p
u
b
l
i
c
p
a
r
t
i
c
i
p
a
t
i
o
n
a
c
t
i
v
i
t
i
e
s
;
t
h
i
r
d
l
y
,
b
y
u
S
i
n
g
i
n
t
e
g
r
a
t
i
n
g
a
n
d
m
o
d
e
l
l
i
n
g
t
e
c
h
n
i
q
u
e
s
to
s
e
a
r
c
h
for
t
h
e
m
o
s
t
e
f
f
e
c
t
i
v
e
c
o
m
b
i
n
a
t
i
o
n
of
p
o
l
i
c
i
e
s
a
n
d
p
r
o
g
r
a
m
s
;
a
n
d
,
f
o
u
r
t
h
l
y
,
a
n
a
t
t
e
m
p
t
to
g
a
i
n
a
b
e
t
t
e
r
p
e
r
c
e
p
t
i
o
n
o
f
t
h
e
b
e
n
e
f
i
t
s
(real,
p
o
t
e
n
t
i
a
l
a
n
d
l
o
s
t
)
f
r
o
m
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
t
h
e
i
r
r
e
s
o
u
r
c
e
s
.
T
h
e
f
i
r
s
t
t
wo
a
c
t
i
v
i
t
i
e
s
,
r
e
v
i
e
w
of
m
e
a
n
s
and
d
i
a
l
o
g
u
e
w
i
t
h
publics,
h
a
ve
b
e
e
n
d
e
s
c
r
i
b
e
d
e
a
r
l
i
e
r
in
this
r
e
p
o
r
t
.
F
u
r
t
h
e
r
c
o
m
m
e
n
t
o
n
t
h
e
l
a
t
t
e
r
t
wo
is
p
r
o
v
i
d
e
d
h
e
r
e
.
M
o
d
e
l
l
i
n
g
is
a
m
e
a
n
s
to
d
r
a
w
t
o
g
e
t
h
e
r
c
a
u
s
e
—
e
f
f
e
c
t
i
n
f
o
r
m
a
t
i
o
n
a
n
d
to
p
r
e
d
i
c
t
o
u
t
c
o
m
e
o
f
c
h
a
n
g
e
in
o
t
h
e
r
p
l
a
c
e
s
a
n
d
/
o
r
at
o
t
h
e
r
t
i
m
e
s
,
a
n
d
,
in
t
h
e
c
a
s
e
of
s
t
r
a
t
e
g
i
c
m
o
d
e
l
l
i
n
g
,
to
d
e
t
e
r
m
i
n
e
r
e
s
u
l
t
s
l
i
k
e
l
y
to
b
e
a
c
h
i
e
v
e
d
w
i
t
h
v
a
r
i
o
u
s
m
a
n
a
g
e
m
e
n
t
options.
A
c
t
i
vi
t
i
e
s
of
i
n
t
e
r
e
s
t
to
PLUARG,
some
of
w
h
i
c
h
have
b
e
e
n
c
a
r
r
i
e
d
out
w
i
t
h
i
n
the
P
L
U
A
R
G
study,
i
n
c
l
ud
e
h
y
d
r
o
l
o
g
i
c
-
p
o
l
l
u
t
a
n
t
m
o
d
e
l
l
i
n
g
on
pilot
w
a
t
e
r
s
h
e
d
s
(e.g.
M
e
n
o
m
o
n
e
e
R
i
ve
r
s
t
ud
y
n
o
w
b
e
i
n
g
tested
a
g
a
i
n
s
t
o
t
h
e
r
ur
b
a
n
i
ze
d
wa
t
e
r
s
h
e
d
s
)
,
the
a
t
m
o
s
p
h
e
r
i
c
l
o
a
d
i
n
g
a
n
d
p
o
i
n
t
—
s
o
u
r
c
e
m
o
d
e
l
s
u
n
d
e
r
t
a
k
e
n
for
b
o
t
h
U
p
p
e
r
L
a
k
e
s
a
n
d
Land
Use
A
c
t
i
v
i
t
i
e
s
r
e
f
e
r
e
n
c
e
groups,
land
use
o
ut
p
ut
o
v
e
r
v
i
e
w
m
o
d
e
l
s
,
and
a
v
a
r
i
e
t
y
of
a
p
p
r
o
a
c
h
e
s
b
e
i
n
g
u
n
d
e
r
t
a
k
e
n
b
y
s
e
ve
r
a
l
a
g
e
n
c
i
e
s
to
model
Great
Lakes
responses
to
pollutant
inputs.
Figure
25
shows
the
interrelationships
amongst
theSe
activities.
A
n
a
l
y
s
i
s
and
f
ur
t
h
e
r
d
e
v
e
l
o
p
m
e
n
t
of
m
o
d
e
l
s
w
h
i
c
h
lend
t
h
e
m
s
e
l
ve
s
to
c
o
m
p
a
r
i
s
o
n
of
e
f
f
e
c
t
i
v
e
n
e
s
s
of
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
p
o
l
i
c
i
e
s
are
i
m
p
o
r
t
a
n
t
in
the
s
yn
t
h
e
s
i
s
and
a
p
p
l
i
c
a
t
i
o
n
of
the
r
e
s
ul
t
s
of
P
L
U
A
R
G
and
o
t
h
e
r
studies.
A
p
p
l
i
c
a
t
i
o
n
of
the
s
o
i
l
-
l
o
s
s
e
q
u
a
t
i
o
n
to
d
e
t
e
r
m
i
n
e
p
o
l
l
ut
a
n
t
s
g
e
n
e
r
a
t
e
d
h
a
s
b
e
e
n
c
a
r
r
i
e
d
out
in
the
U
n
i
t
e
d
S
t
a
t
e
s
and
to
some
e
xt
e
n
t
in
Canada.
Other
extensive
approaches
are
being
attempted
in
Canada.
Canadian
and
United
States
investigators
are
working
on
a
unit-load
approach
which
will
permit
comparison
of
management
options
to
deal
with
point—source
and
land
drainage
inputs,
which
includes
information
on
transmission
characteristics
of
river
systems
and
which
emphasizes
the
assessment
of
cost—effectiveness
in
achieving
desired
reductions
in
loadings
of
pollutants
to
boundary
waters.
There
is
some
concern
in
the
Reference
Group
that
the
International
Joint
Commission,
and
the
parties
to
the
Great
Lakes
Water
Quality
Agreement,
may
be
lacking
in
compelling
arguments
supportive
of
expenditures
on
control
of
pollutants
from
land
use
activities.
In
spite
of
the
fact
that
PLUARG
intends
that
its
recommendations
will
be
practical
and
feasible,
the
Reference
Group
recognizes
that
the
need
to
comply
with
water
quality
objectives
and
loading
reduction
schedules
may
not
be
sufficient
in
itself
to
develop
the
long-term
and
continuous
commitment
which
will
be
required.
What
is
apparently
needed
is
a
new
approach
which
emphasizes
values
and
amenities
of
the
resources
of
the
Great
Lakes
(real,
forfeited,
potential)
in
common
sense
terms
which
legislators,
administrators,
and
resource
users
can
relate
to
and
understand.
Some
information
is
available
and,
hopefully,
additional
information
will
be
available
when
PLUARG
presents
its
reports
and
IJC
moves
into
the
hearings
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process.
This
problem
is,
of
course,
much
broader
than
the
Pollution
from Land Use Activities assignment.
None—the—less,
the extent of
commitment to programs recommended by PLUARG will be wholly dependent
on society's perception of the value of the Great Lakes as a resource.
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STATUS OF PLUARG ACTIVITIES
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principal investigators
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